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CHAPTER I 


INTRODUCTION 


1 ,1 Purpose of Document 

The purpose of this document is to serve as a final report on 
NASA Contract No. NAS4-2H8 awarded to the University of Kansas Flight 
Research Laboratory (KU-FRL) for the time period from February 1, 197^ 
to August i, i976. The work accompiished under the contract can be 


summar.i zed 

as follows: 

1. 

Fabrication of necessary electronics to implement an 
attitude command control system on a Beech Model 99 
airliner using separate surface controls. 

2. 

Modification of a Beech Model 99 to Include separate 
surface controls. 

3- 

Performance of a fault analysis and an environmental 
test of the control system electronics. 


Completion of a flight test program defining the 
performance of the SSSA attitude command control 


system. 


Steps one through three above are documented In References 1 and 2 and 
will not be discussed in detail in this report. The bulk of this report 
deals with' the performance and evaluation of the SSSA Model 99 flight 
test program. 

1.2 Program Objectives 

The primary objective of the SSSA Model 99 program was to 
determine whether an attitude command control system could be imple- 
mented on a Beech Model 99 airliner using separate surface controls. 

Two secondary objectives were to determine whether the pilot workload 
required to perform a specified maneuver tpodeling an Instrument Landing 
System (ILS) approach in turbulence was reduced, and whether the ride 
qualities of the aircraft were improved by the SSSA attitude command 
control system. The results of the flight test program and the 
accomplishment of the specified objectives will be discussed in this 
report. 



).. 3 Program Organization 


TheoretlcaJ and wind tunnel studies for the SSSA program were 
done under NASA grants from September 1, 1971. to January 31, 197^. The 
hardware fabrication and Installation and the flight test program were 
done under NASA contract NA$4-2T^8 from February 1, 197^ to August 1, 
1976 . A complete list of reports detailing this work is included in 
the BIbl lography. 

KU-FRL was the prime contractor responsible for all aspects of 
the program. The feedback control network was designed, fabricated 
' and Installed by KU-FRL. The control surfaces were designed and the 
flight test program was planned by KU-FRL, 

Beech Aircraft Corporation, Wichita, Kansas,, was subcontracted 
to make the necessary aircraft modifications and control surface 
Installations. Beech Aircraft was also responsible for the flutter 
evaluation and for supporting the flight test program under the 
direction of KU-FRL engineers, . 

The Boeing Company, Wichita, Kansas, was subcontracted by 
Beech Aircraft to perform the flutter analysis, and by KU-FRL to reduce 
the flight test data. 

Figure 1.1 shows the organization of the program and responsi- 
bilities of the various organizations involved, i For a detailed summary 
of previous KU-FRL organization see Reference 1. 


1 .4 Acknowledgements 

The' authors would like to acknowledge Dr. D. G. Daugherty and 
Mr. Leland R. Johnson for their contributions in the electrical design 
area, and the cooperation and contributions of Beech Aircraft Corp. 
and Boeing Aircraft Co. of Wichita, Kansas. 


2 




FIGURE K1 SSSA Model 99 Program Organization 
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CHAPTER 2 


AIRCRAFT CONTROL CONCEPTS 
2.1 Rate Command Control 

Conventional aircraft are controlled in the roll axis by a rate 
cominand system. This means that the pilot commands a rate of aircraft 
response with a control deflection.. A typical roll response to a step 
aileron input for a rate command system is shown in Figure 2.1. 

When the pilot of a rate command system wants to fly a constant 
bank angle he must make the following physical and mental manipulations: 

1. Determine the desired bank angle (mental); 

2. Determine how fast the aircraft is to respond (mental); 

3. Displace the lateral controls to attain the desired 
response (physical); . 

A. Determine the precise time to reduce the control displace- 
ment (mental); 

5. Displace the controls to command zero roll rate and the 
desired roll attitude (physical)-; and 

6. -Monitor the aircraft attitude and make necessary control 

Inputs to maintain the desired attitude (mental and 
physical). 

Under certain circumstances, the pilot's ability to make these manipula- 
tions may be exceeded resulting In a degradation in control or complete 
loss of control of the aircraft. Examples of circumstances that may 
degrade the pilot's performance are weather conditions, cockpit dis- 
tractions, system failures, vertigo, nausea, atmospheric turbulence and 
inherent aircraft instab i 1 i ties. 

2.2 Attitude Command Control 

A basic premise of attitude command is that if the manipulations 
required by the pilot to control the aircraft are reduced, the chances 
for loss of control under the circumstances described in section 2.1 
will be reduced. Attitude command control means that a control input 
establishes a steady state attitude, not a rate; An attitude command 






roll response as a result of a step aileron input is shown in Figure 
2.2. The attitude established is directly proportional to the control 
input which reduces the pilot manipulations required to fly a constant 
bank angle to the foliowing: 

1. Determine the roll attitude desired (mental) and' 

2. Displace the control wheel to attain the desired roll 
attitude (physical). 

No mention has been made of the aircraft's response in the 
pitch and yaw axes. The conventional aircraft appears to respond as 
attitude command about these axes as shown in Figure 2.3- Close 
examination of the aircraft equations of motion (Reference 3) reveals 
that the attitude is not being controlled directly, but indirectly by 
the angle of attack, a, or the angle of sideslip, $. Attitude command 
is the control of the Euler angles: bank angle, (J>; pitch angle, 0; and 
yaw angle, These angles are described in Figure 2.4. However, the 

Euler angles, 0 and ijj, can be related to the angle of attack, a, and the 
angle of sideslip, P, by the following relationships: - 

0 = Flight Path Angle, y + a (2.1) 

tp = Aircraft Track - 3 (2.2) 

These relationships are graphically presented in Figure 2.5. The 
equations of motion indicate that the controls of a conventional air- 
craft directly control a and 3 and affect 6 and ij; by the relationships 
described by equations (2.1) and (2.2). This gives the pilot the impression 
that he has attitude command but, in the strictest sense, It is not 
attitude command because there are no forces or moments that are 
generated to maintain the Euler angle or attitude. The only forces and 
moments generated are those associated with angle of attack, a, and 
sidesl ip, 6. 
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FIGURE 2.5 Angle of Sideslip and Attack Description 



CHAPTER 3 


IMPLEMENTATION OF ATTITUDE COMMAND 

3- 1 Attitude Command Control System 

The concept of attitude command, as described' In the previous 
section, was extensively investigated by the NASA Dryden Flight Research 
Center (NASA-DFRC) , Edwards, California. This investigation was 
summarized in Reference 4. The conclusion of that investigation was that 
attitude command resulted in a significant improvement in the handling 
qualities of the airplane while flying an I LS approach in turbulent 
air. 

The method utilized to Implement attitude command for the NASA 
investigation was as follows: 

1. All aircraft control surfaces were servo controlled. 

2. An irreversible, hydraulic system was installed to activate 
the control surfaces. 

3. An on-board computer was Installed to control the 
hydraulically activated, servoed control surfaces. 

This configuration worked quite well for the investigation; 
however, it would present some practical limitations if the system were 
implemented on a production aircraft. 

The first limitation is the prohibitive cost of this type of 
control system. Most light, general aviation aircraft do not have a 
hydraulic system. Therefore, this cost alone would substantial ly 
increase the unit price. 

Another limitation to consider is the weight of this type of 
configuration. In many instances this installation could reduce the 
payload of the aircraft by as much as 50^. 

The complexity of this configuration also presents some limita- 

s 

tions. Due to the requirement for a hydraulic system rework, the 
possibility of modifying existing production aircraft is impractical. 

The final limitation, and possibly the most important, is 
meeting the Federal Air Regulations (FAR) .certification criteria for 
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control system malfunctions. The FAR specify aircraft response limita- 
tions in the event a servo controlled surface fails in a hard-over 
condition. The aircraft must meet these criteria or provide an adequate 
level of redundancy to preclude the possibility of a control hard-over. 

It would be quite difficult to meet these criteria with the entire 
control surface servo controlled, which implies that redundancy would be 
required. This would result in a further ' increase in weight and cost- 

Separate Surface Stability Augmented, Attitude Command 

Control System 

3.2.1 Separate Surface Stability Augmentation (SSSA) Concept . One 
method of minimizing the limitations mentioned above is Separate Surface 
Stability Augmentation. This concept is depicted in Figure 3*1. The 
existing, conventional control system is retained. However, a small 
separate surface 1s isolated from the primary control system and 
operates independently for implementation of attitude command. 

This configuration alleviates some of the most critical limita- 
tions that existed on the NASA attitude command control system. The 
system is relative! y • 1 ightwei ght; it does not require a hydraulic 
system; and the conventional control system is retained Intact except for 
the loss of the separate surface area. The most important consideration 
is that the surface can be sized to meet the FAR hard -over criteria, 
therefore eliminating the necessity for redundancy- The actual sizing 
of the separate surface, or secondary control, considered the trade-off 
between sizing the control for saturation during atmospheric turbulence 
versus aircraft performance in the event of a control surface hard-over. 
The control surface sizing for the Beechcraft Model 99 is described In 
detail in Reference 2. A summary of SSSA control surface areas is 
presented in Table 3.1. 

3*2.2 Model 99 SSSA System Operational Description . The KU-FRL SSSA 
system provided attitude command in all three axes: roll, pitch and yaw. 

There were two operational modes for the system: slave and command. 

The slave mode did not provide attitude command; the secondary 
or separate surfaces were slaved to the primary control surfaces 
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Table 3.1- SSSA Model 99 Control Area 


SSSA 

Control 

Total Area 
Aft of 
Hinge Line, 
(ft^) 

SSSA Area, 

m2 (ft2) 

SSSA Area 
t of Total 

El eva tor 

8.0i» (26.39) 

1.67 (5.^6) 

10.1% 

Aileron 

2.12 ( 6.95) 

0.8o (2.61) 

' i 

37. S% 

Rudder 

3.68 (12.08) 

1.07 (3.52 

29. U 
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providing primary control tracking by the separate surfaces. This mode 
also represented the basic Model 99 with the exception of a slight 
reduction in control forces. 

The command mode, which implemented attitude command, is 
represented in block diagram form for the roll, pitch and yaw axes in 
Figures 3.2, 3.3 and 3-^ respectively . 

In all three axes the attitude command control loop can be 
represented as shown in Figure 3.5. This diagram is not Intended to be 
an accurate representation of the control system but it does exemplify 
the basic attitude command control system: a single input or control- 

ling function, primary control deflection, and two feedback loops, 
angular rate and angular displacement. 

3.2.3 SSSA Sub-System Operational Description . The previous section 
simplified the system block diagrams by considering only the attitude 
command control loop. However, to physically implement the control 
system several sub-systems were required which complicated the basic 
system. These systems are listed below. 

1 . auto-trim; 

2. gyro erection cut-out; 

3. pitch reference; and 

yaw attitude command (head ing ' hold) 

The following paragraphs provide a detailed description of the purpose 
and function of the sub-systems listed above. 

3. 2. 3-1 Auto-Trim - The auto-trIm system was incorporated to perform 
two functions. The first and primary function was to keep the separate 
surface elevator position as close to zero as possible. 

The basic pitch axis attitude command system is rather limited in 
authority, approximately +10'* pitch attitude control. Therefore, it 
would not be unusual for the basic system to become saturated. If a 
malfunction occurred or the pitch axis system -was disengaged under these 
saturated conditions, the aircraft would experience a rather drastic 
trim change. To preclude this possibi 1 ity, the auto-trim system 
monitored the separate surface elevator position and automatically 
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FIGURE 3.2 Block Diagram - Roll Axis 

















2. The value of and K« in Table 7,3 must be divided by 5 to use in this diagram. 

0 0 


FIGURE 3.3 Block Diagram - Pitch Axis 




































FIGURE 3-5 Simplffied Block Diagram of Attitude Command Control System 







trimmed the aircraft until the separate surface elevator position 
returned to approximately zero. 

The auto-trim system also fulfilled a second purpose. The 
automatic trimming increased the authority of the basic atti-tude 
command system to a full +10“ of pitch about any pitch attitude. 

The auto-trim system was incorporated into an existing aircraft 
system, the standby trim system. The Beech Model 99 is designed with 
a main electric and a back-up or standby trim system. The main system is 
controlled by a thumb operated switch on the pilot's and co-pilot's 
control wheels. This system operates at approximately three times the 
speed of the standby trim system which allows the pilot to override 
a standby trim system failure. The standby trim system is normally 
operated by a two position on-off toggle switch and separate up-down 
trim switches. The auto-trim system was wired into the aircraft 
standby trim system by way of the standby trim on-off switch. Provided 
this switch was in the "off" position,, the auto-trim system controlled 
the aircraft mounted standby trim relays which controlled the standby 
trim motor, [f the pilot selected standby trim "on", the auto-trlm 
system was disabled. For a complete description of this system see 
Reference 5, page 27- 

3.2. 3.2 Gyro Erection Cut-Out - The SSSA System obtained the roll and 
pitch attitude information from a vertical gyro. This gyro automati- 
cally erected itself relative to the normal acceleration force that it 
experienced. In straight and level flight this reference point was 
the vertical position. However, in a turn, when the aircraft experi- . 
enced accelerations other than gravity. It erected to a reference 
different than the vertical position. If this occurred the gyro would 
provide an erroneous signal to the control system. To eliminate this, 
the bank angle was monitored and the system automatical ly cut out the 
erection circuit whenever the roll attitude exceeded a pre-set value. 

For a complete description see Reference S, page 29. 
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3. 2*3. 3 Pitch Reference - Figure 3-5 graphical ly describes that the 
pilot's input to the attitude command system is primary control deflec- 
tion. However, the pilot must.phys ical ly overcome the aerodynamic 
forces generated when the primary controls are deflected. This does 
not present a problem in the roll and yaw axes because the pilot 
normally does not fly for extended periods with large lateral or 
directional control deflections. However, the pilot is required to 
sustain long duration elevator deflections. To relieve this load in a 
conventional aircraft the pilot is provided with a longitudinal trim 
system. 

The SSSA system utilized the aircraft trim system In the same 
fashion that the conventional aircraft utilizes it; it traded primary 
elevator position for stabilizer position. This was accomplished by 
monitoring the pilot's main trim switch position. Anytime this switch 
was in the trim up or down position a time varying signal was generated 
which replaced the primary elevator position signal in the attitude 
command control system. For a complete description see Reference 5, 
page 22. 

3 . 2 . 3 .^ Heading Hold Implemented by Roll or Yaw Command - The heading 
hold was actually a portion of the basic attitude command control 
system. It was included in the sub-system section of this report 
because there are two methods for Implementing heading hold; (l) roll 

axis control, and (2) yaw axis control, the two methods were incor'^ 

% 

porated to evaluate which axis would provide the most effective heading 
hold. The two systems were not designed to be used simultaneously. 

The system operation was as depicted in Figures 3.2 and 3.k. A 
heading error signal was generated which produced a control deflection 
in the roll or yaw axis depending upon which had been selected. For a 
complete description see Reference 5, page 12. 
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CHAPTER h 


SSSA MODEL 99 INSTRUMENTATION PACKAGE 

1 PCM Data Acquisition System 

The SSSA Model 99 was equipped with an 80 channel Pulse Code 
Modulation (PCM) digital data acquisition system that was supplied, 
connected and cal I bra ted by NASA-DFRC. 

Each of the 80 channels was scanned at a high frequency and 
the results stored on a magnetic tape. This tape, when reduced, 
yielded a quasi -continuous time history of the recorded parameters. 

No data telemetry was used in this program. 

The parameters recorded and their identifications and channel 
numbers are listed In Table 4.1. The variable name is an abbreviation 
of the parameter required for the Boeing computer data analysis. The 
parameter identi f icat ion name appears on all data and plots generated 
by the Boeing Company. 

It should be noted that there are two sets of angular displ ace- 
ment and angular rate gyros. NASA-DFRC supplied the second set of 
gyros to obtain an independent source of aircraft performance. The 
SSSA system gyros are identifiable by a -gyro suffix on the parameter 
identification name. 

^.2 Turbulence Intensity Measuring System 

The SSSA Model 99 was equipped with a Turbulence Intensity 
Measuring System (TIMS), manufactured by Meteorology Research, Inc. 

It consists of a high frequency dynamic pressure sensor coupled to 
a TIMS computer which filters the transducer signal and generates 
a DC voltage ranging from 0 to 5 volts. The TIMS computer filter 
network Incorporates a 6 Hz to 20 Hz bandpass filter (i.e. passes 
frequencies from 6 to 20 hertz). Reference 6 indicates that this 
filter adequately removes the aircraft response to both control 
Inputs and turbulence from the turbulence intensity measurement. The 
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Table 4.1. List of Recorded Parameters 


Channel 

Parameter 

Parameter- 1 D 

01 

Normal Acceleration 

ZACC 

02 

Lateral Acceleration 

YACC 

03 

Longitudinal Acceleration 

XACC 

04 

Angle of Attack 

ALFA 

05 

Angle of Sidesl ip 

BETA 

06 

TIM - Turbulence 

TIM-TUR 

07 

TIM - Airpseed 

TIM-A/S 

08 

TIM Transducer 

TIM 

09 

A1 ti tude Coarse 

ALT! 

10 

Altitude Fine 

ALTIFINE 

n 

Airspeed Coarse 

ViAS 

12 

Airspeed Fine 

VIASFINE 

13 

Primary Elevator Position 

-PELE 

14 

Primary Right Aileron Position 

PAILRIGHT 

15 

Primary Left Aileron Position 

PAiLLEFT 

16 

Primary Rudder Position 

• PRUD 

17 

Aileron Trim Position 

AIL-TRIM 

18 

Rudder Trim Position 

RUD-TRIM 

19 

Stab 1 1 i zer. Pos i t ion 

STABPOS 

20 

Left Throttle Position 

THROLEFT 

21 

Right Throttle Position 

THRORGHT 

22 

Flap Position 

FLAP 

23-1 

Pitch Axis Status 

PITCSTAT 
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Channel 

Table 4.1 (cent.) 
Parameter 

Parameter-! D 

23-2 

Roll Axis Mode 

ROLLCOMM 

23-3 

Pitch Axis Mode 

PiTCCOMM 

23-4 

Yaw Damper - Heading Hold 

YAWDONLY 

23-5 

Roll Axis Status 

ROLLSTAT 

23-6 

Rol 1 Heading Hold 

ROLLHH 

23-7 

not used 


23-8 

Yaw Axis Mode 

YAW-COMM 

23-9 

not used 


24-1 

Yaw Axis Status 

YAW-STAT 

24-2 

not used 


24-3 

not used 


24-4 

Heading Hold Logic 

HH— LOG 

24-5 

Event Marker 

EVENMARK 

24-6 

Tape On 

TAP EON 

24-7 

not used 


24-8 

not used 


24-9 

not used 


25 

Secondary Elevator Position 

SELE 

26 

Secondary Right Aileron Position 

SAILRIGHT 

27 

Pitch Angle 

TETA 

28 

Roll Angle 

PH! 

29 

Secondary Left Aileron Position 

SAILLEFT 

30 

Secondary Rudder Position 

SRUD 

31 

Aileron Error Signal 

AIL-S1GN 
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Channel 

Table 4.1 (cont.) 
Parameter 

Parameter- i D 

32 

Rudder Error Signal 

RUDDSIGN 

33 

DC Voltage Monitor 

DC— VOLT 

3^ 

Yaw Angle 

PSl 

35 

not used 


36 

Pitch Rate 

Q 

37 

AC Voltage Monitor 

AC— VOLT 

38 

not used 


39 

not used 


^♦0 

Roll Rate 

P 

41 

Pitch Acceleration 

QDOT 

42 

Yaw Rate 

R 

43 

Roll Acceleration 

PDOT 

44 

Yaw Acceleration 

ROOT 

45 

Rudder Actuator Current 

AMP-RUAC 

46 

Elevator Actuator Current 

AMP-ELAC 

47 

Right Aileron Actuator Current 

AMP-RAAC 

48 

Left Aileron Actuator Current 

AMP-LAAC 

49 

Yaw Rate Gyro 

R^— GYRO 

50 

not used 


51 

0 Command 

TETACOMM 

52 

(ji Command 

PHI -COMM 

53 

Command 

PSl -COMM 

54 

Aij; Command 

DPS I COMM 

55 

Elevator Error Signal 

ELERSIGN 
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Table k . 1 (cont . ) 


Channel 

Parameter 

56 

Heading Hold-Yaw Demod 

57 

Pitch Vertical Gyro 

58 

Pitch Rate Gyro 

59 

Rudder Actuator Voltage 

60 

Elevator Actuator Voltage 

61 

Right Aileron Actuator Voltage 

62 

Left Aileron Actuator Voltage 

63 

Roll Vertical Gyro 

64 

Roll Rate Gyro 

65 

not used 

66 

not used 

67 

Alternate Localizer 

68 

Alternate Glideslope 

69 

ILS Localizer Deviation 

70 

ILS Glideslope Deviation 

71 through 76 

not used 

77 

Outside Air Temperature 

78 

Sync-code 000 000 Oil 

79 

Sync-code 001 100 101 

80 

Sync-code 101 01.1 111 


Parameter- I D 

HH-YDEMO , 
TETAGYRO 
d— -GYRO 
VOLTRUAC 
VOLTELAC 
VO LIRA AC 
yOLTLAAC 
PH I -GYRO 
P— GYRO 

ALT-LOC 

ALT-GLID 

LOC 

GLID 

OAT 
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TI/^S computer filter network is designed so that a full scale output 
of 5 volts is equal to 1.33 meters (4.36 feet) per second equivalent 
gust velocity. Assuming a linear relationship between the TIM 
computer output and equivalent gust velocity, the following conversion 
factor can be used to convert TIM output to equivalent gust velocity; 

1 volt = 0.266 m/sec ‘(.872 ft/sec) equivalent gust velocity. 

In addition. Table 4.2 can be used as a "rule-of-thumb" relation 
between equivalent gust velocity and subjective turbulence level. 


Table 4.2. Relationship Between Subjective Turbulence 
Level and Equivalent Gust Velocity 


Equivalent Gust 

Subjective 

Velocity m/sec (ft/sec) 

Turbulence Level 

0.305 (1) 

light 

0.61 - 0.76 (2 to 2.5) 

moderate 

1.22-1 .33 (4 to 5) 

severe 


A complete theoretical description of TIMS and its application to 
the SSSA Model 99 can be obtained from References 6, 7 and 8. 
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CHAPTER 5 


INTRODUCTION TO THE FLIGHT TEST PROGRAM 

5* 1 Flight Test Objectives and Proposed Schedule 

The objectives of the flight test program were to optimize 
and evaluate the performance of the SSSA Model 99 in order to determine 
whether the handling and ride qualities of the aircraft were improved 
by SSSA. The proposed schedule, designed to accomplish this objective, 
is shown in Figure 5.1. The remainder of this section will define 
briefly the terms used in the proposed schedule. Chapters 6, 7, 8 
and 9 of this report will cover the most important aspects and results 
of the flight test program in detail. 

5.2 Def ini t ion of Terms 

Envelope expansion: Determination of the stall speed, minimum 

control speed, and flutter envelope of the SSSA. Model 99- 

Functional Checks and Tuft Study: Verification of correct 

operation of all three SSSA axes in both slave and command mode; 
and an investigation of the flow pattern around the control surfaces. 

Problem Definition Meeting and Memo: A meeting to discuss 

any problems encountered to date and proposed solutions to those 
problems in Memo form. 

SSSA System Optimization and NASA Evaluation: Selection of 

the feedback loop gains to obtain optimum aircraft performance and 
subsequent evaluation of the performance by NASA pilots. 

Quantitative Evaluation: Determination of the aircraft 

performance In both slave and command modes as defined by the following: 

1. Static longitudinal stability; 

2. Dynamic longitudinal stability; 

3. Dynamic lateral-directional stability; and 

If. Aircraft responses to step control Inputs. 
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SSSA MODEL ?9 
FLIGHT TEST PROGRAM 

TOT, FLT. nA\E = 60Krt.* 

NO. DATA FlIGHTS =44 

CALENDAR DaYS FROM 
ENVELOPE EXPANSION -213 DAYS 

WORKING D/.YS FROM 
ENVELOPE EXPANSION = 146 DAYS 

REV. 4. NO\', 20, 1975 

DEVELOPMENT PHAS E ^ 

9 July 75 23 July 75 6 Aug 75 12 Aug 75 26 Jan 76 



14th Progress Report Limit Cycle 15th Progress Report 

15 July 75 Test Report 15 Oct 75 

16th Progress Report 
15 June 76 


EVALUAnON PHASE 



Boeing Flight Data 

•Does not Include 10 hr for aircraft ferry time Reduction Report 

15 April 76 


FIGURE 5-1 Proposed SSSA Model 99 Flight Test Schedule 












Pilot Familiarization Flights: Flights by the evaluation 

pilots designed to familiarize them with SSSA attitude command and 
Model 99 characteristics. 

NASA dual itattve Evaluation; NASA pilots' performance of the 
qualitative flight profile in both slave and command modes and sub- 
sequent rating of the aircraft using the Cooper-Harper pilot rating 
scale. The qualitative flight profile is described in Figure 5.2 and 
the terms used are defined in Table 5.1. The Cooper-Harper pilot rating 
scale is outlined in Figure 5.3 and the terms used are defined in 
Table 5-2. 

Qualitative Evaluation: Evaluation pilots performance of the 

qualitative flight profile in both slave and command modes and sub- 
sequent rating of the aircraft using the Cooper-Harper pilot rating 
scale. 

Aircraft Refurbishment; Restoration of the aircraft to its 
original Model 99 configuration. 

5.3 Actual Flight Test Schedule 

The actual flight test schedule differed slightly from the 
proposed schedule due to SSSA system gyro malfunctions and a program 
contract renegotiation. The actual flight test -schedule including the 
number of flights and hours flown in each phase of the program is 
included in Reference 9. 
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Runway 



♦ Middle marker 


I Outer marker 


0 Vertical-S 

maneuver (7 min) 
® Precision heading 
maneuver (10 min) 
(3) 90° localizer 

Interception (3 min) 
(D ILS approach 
(7 min) 

(D Go-around (5 min) 
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Table 5.1. Definition of Terms Used in Qualitative Evaluation Profile 


TASK I : 

Vertical S 

Maintaining a 152 m/min (500 ft/min) rate of 
climb in a steady banked turn for 305 m 
(1000 ft) climb, then converting to a 152 m/min 
(500 ft/min) rate of descent in a banked turn in 
the opposite direction for 305 m (1000 ft) descent. 

TASK 2: 

Precision Heading 

Maintaining a given heading as accurately as 
possible. 

TASK 3: 

ILS Intercept 

A 90° intercept of the localizer approximately 
9.6 km (6 miles) from the outer marker. 

TASK 

ILS Approach 


TASK 5: 

Go-Around 

An acceleration and cl-imb following a missed 
approach - incorporates retract ingi gear and 
flaps. 

TASK 6: (Optional Test) 

Precision Heading 

Maintaining a given heading as accurately as 
possible after the go-around. 


Performance of a Standard Instrument Landing 
System approach. 
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ADEQUACY FOR SELECTED TASK OR 
^OUIRED OPERATION* 



) AIRCRAFT CHARACTERISTICS * DEMANDS ON THE PILOT 

1 ^ Ai«i.hfAh WARACI ERISTICS SELECTED TASK OR REQUIRED OPERATION* 

PtLof 

HATINg 

Excellent Pij^j compehsatiol> nol o factor for 

Highly desirable ‘ desired performonce 

A 

1 

Ooocf 

i ^ Pilot compensation not o foctor for 

Negligible deficiencies desired performance 

2 

Foir-Some mildly ^ Mimnricl ptfoi compensation required for 

unpleasant deficiencies * desired performance 

3 

Minor but onnoying ^ Desired performance requires moderate 

deficiencies pitot compensotion 

4 

^ Moderotely objectionobfe ^ Adequote pertormonce requires 
deficiencies considerable pilol compensalion 

5 

Very objeclionoble but Adequote performance requires extensive 

^ tolerable deficiencies * pilot compensation 

6 

y 

Adequate performonce not oitomoble with 
Mojor deficiencies • moximum tolerable pilot compensation 
Contfollobility not in question 

^ 

7 

Major deficiencies • Consideroble pilot compensotion is required 
for control 

8 

Mojor deficiencies • iniense pilot compensotion is required to 
^ retain control 

9 

> 

— 

Mojof deficiencies . fWO" °f required 

operation 

\ 

10 

/ 


“p" -»phases with 


FIGURE 5.3 Cooper-Harper Handling Qualities Rating Scale 





Table 5-2. Definitions of Terms Used in Cooper-Harper Pilot Rating Scale 


Compensation 

The measure of additional pilot effort 
and attention required to maintain a 
given level of performance in the 
face of deficient vehicle characteristics. 


Hand 1 1 ng Qua 1 i t i es 

Those qualities or characteristics of an 
aircraft that govern the ease and precision 
with which a pilot is able to perform the 
tasks required in support of an aircraft 
role. 


Mission 

The composite of pilot-vehicle functions that 
must be performed to fulfill operational 
requirements. May be specified for a role, 
complete flight, flight phase, or flight 
subphase . 


Performance 

The precision of control with respect to 
aircraft movement that a pilot is able to 
achieve in performing a task. (Pilot- 
vehicle performance Is a measure of handling 
performance. Pilot performance Is a measure 
of the manner or efficiency with which a pilot 
moves the principal controls in performing a task.) 


Task 

The actual work assigned a pilot to be per- 
formed In completion of or as representative 
of a designated flight segment. 


Role 

The function or purpose that defines the 
primary use of an aircraft. 


Workload 


The integrated physical and mental effort 
required to perform a specified piloting task. 



CHAPTER 6 


ENVELOPE EXPANSION AND TUFT STUDY 

6. 1 Introduction 

The objectives of this flight test program did not warrant an 
extensive envelope expansion program. An abbreviated expansion program 
was performed with the major emphasis on the flutter characteristics. 
The minimum control speed and the stall speed were investigated for 
one center of gravity location - approximately 2B% of the mean aero- 
dynamic chord. Additionally, the separate surface controls were 
tufted for flow visualization. The purpose was to determine if any 
unusual aerodynamic cross coupling occurred between the primary and 
separate surface controls during maneuvering, 

I 

6.2 Stall Speed 

The installation of the SSSA controls did not alter the basic 
aerodynamic characteristics of the Model 99. As a consequence, the 
stall speed of the modified aircraft was i'dentical to that of the 
basic aircraft. The area that was affected was the control charac- 
teristics during the stall. Consequently, these characteristics 
were subjectively evaluated for the slave (basic aircraft), off 
(SSSA controls free floating), and command modes. 

In the slave mode the stall control characteristics were 
identical to those of the basic Model 99. 

The off mode was somewhat different from slave. Because of 
the reduction in the available pitch control power, the stall recovery 
rate was reduced from that of the basic aircraft. The aircraft was 
completely recoverable; however, pitch control was obviously degraded. 
The roll and yaw control was not noticeably degraded because of the 
lack of basic aircraft excursions in these axes and consequently 
the lack of demand on roll and yaw control. 
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The command mode stall was also quite straightforward. There 
were no unusual characteristics. Initially, some concern was expressed 
concerning the effect of auto-trim on the stall. This system tends 
to trim the aTrcraft into the stall. However, this proved to be 
an insignificant consideration because the pilot retained complete 
authority of the main trim system. The roll attitude command provided 
some improvement due to the tendency to keep the wings level. This 
advantage was provided with the roll heading hold system off. V/ith 
the roll heading hold on there was a low frequency, approximately 0.5 Hz, 
osc i I lat ion i n ro 11 be 1 ow 90 knots . This oscillati on was very s i mi 1 ar 
to the heading hold oscillation that occurs with most auto-pilots at 
low ai rspeed. 

6-3 Minimum Control Velocity, Vm p 

The minimum control velocity was calculated for the modified 
Model 99 using an incremental change in control power by assuming two 
separate surface rudder failure conditions: ' 

1. Separate surface rudder faired (unpowered), 

2. Separate surface rudder handover, in adverse direction 
(powered). 

These calculations were made at aft center of gravity, 38.^^ MAC 
The results of these calculations were 90’ knots 'for the unpowered, 
faired condition and 111 knots for the powered, hard-over condition 
in adverse direction. This corresponded to an increase of 12 and 23 
knots In respectively. 

During the envelope expansion phase of the flight test program, 

'^MC evaluated for the unpowered, faired condition at a center of 
gravity at T}% MAC. This evaluation revealed a of 90 knots. The 
hard-over condition was not evaluated due to the apparent accuracy of 
the faired condition calculations. 
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6.4 Flutter Envelope Expansion 

Definition of the flutter envelope was accomplished in three 
phases; ]) Analytical definition of flutter speed using SSSA control 
laws, 2) ground vibration test to verify elastic modes in analytical 
analysis, 3) flight evaluation to define the actual flutter speed. 

Results of phase I and 2 are on file at KU-FRL, and results of phase 
3 are included in Reference 10. 

The results of the analytical evaluation revealed that the roll 
axis, command mode was the limiting axis. Both the pitch and yaw 
axes had flutter boundaries that far exceeded the operational requirements 
for this program. However, the roll axis did reveal an instability 
that was strongly affected by roll axis feedback gain. As a consequence, 
prior to the first flight the analytical flutter envelope was' defined 
as shown in Figure 6.1. 

The flight evaluation was conducted by investigating the 
nominal and 1.5 times the nominal roll axis gain. For the nominal 
gain a sustained roll oscillation occurred at 215 knots at an altitude 
of 3050 meters (10,000 feet) pressure altitude. At 1.5 times the 
nominal gain at 1800 meters (5900 feet) pressure altitude, the 
oscillation occurred at 220 knots. The oscillation occurred at a 
frequency of 6 Hz with all motion confined to the roll axis. No cross 
coupling between axes was detected. 
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CHAPTER 7 


SSSA SYSTEM OPTIMIZATION 


7. 1 Introduction 

The purpose of the system optimization portion of the flight 
test program was to identify and solve any developmental problems en- 
countered, and to optimize the SSSA Model 99 feedback loop gains to 
.obtain peak performance from the system* 

7.2 Developmental Problems 

Prior to and during the system optimization portion of the 
flight test program several developmental problems or system malfunctions 
occurred. In all cases the source of the problem was either SSSA 
system gyro malfunction, Inadequate electronic design, or improper 
sizing of the SSSA system feedback loop gains. A discussion of each 
problem encountered, its cause and its solution is given in the following 
sections of this chapter- 

7 . 2.1 Rol 1 Asymmetry. On the first flight of the SSSA Model 99 it was 
determined that the roll response obtained from a primary aileron 
deflection was not the same to the left and right. Electronic trouble- 
shooting of this problem determined that there was a zero position off- 
set in the roll rate gyro. The zero position offset was counteracted 
by adjusting the SSSA roll trim potentiometer, but this adjustment 
induced an electronic pturation of an amplifier in the roll computer 
leading to the asymmetric roll response. 

Initially, a new roll rate gyro was Installed in the aircraft 
but it also had a zero position offset. In order to eliminate the 
asymmetric roll response without replacing the gyro, the roll axis 
gains were redistributed in the SSSA electronics to reduce the impact 
of the SSSA roll trim potentiometer adjustment and eliminate amplifier 
saturation in the roll computer. For a .detailed discussion of the 
electronic modifications necessary see Reference 11. 
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7.2.2 Pi tch Osci 1 lat ion . A sinusoidal oscillation of the pitch 
attitude of the SSSA Model 39 was noticed on flight one. The amplitude 
of this oscillation varied with airspeed and was caused by a sinusoidal 
osci I Tafion of the' separa-te surface elevator of amplitude ranging from 
+ 1 “ to +6° at a frequency of approximately 1.25 hertz. The pitch 
attitude osciliation resulting from this separate surface movement 

was not detectable on the instrumentation, but a pitch rate oscillation 
of amplitude j^3“/sec could be observed. 

Adjustment of the feedback loop gains in the pitch computer 
changed the amplitude of the separate surface elevator oscillation, but 
did not eliminate it. Further troubleshooting indicated that the pitch 
angle signal from the vertical gyro was oscillating in flight with the 
SSSA system off. This indicated a gyro malfunction, and subsequent 
replacement of the vertical gyro eliminated the pitch axis oscillation. 

7.2.3 Bank Angle Overshoot and Settling Time . ' Once the asymmetric 
roll response problem was solved on the fifth flight of the SSSA Model 
99, it was realized that the bank angle overshoot and settling time were 
greater than predicted in Reference 2. The bank angle overshoot ('I’Qg) 
is defined as the difference between the maximum and steady state bank 
angles (<{>55)- The settling time (Ts) is defined as the length of time 
required to reach and maintain 95°^ of the steady state bank angle. 

Figure 7.1 Is given to help clarify these definitions. 

A program to redefine the roll axis gains in an attempt to 

minimize the bank angle overshoot and settling time using flight test 

results was begun. An analysis of the SSSA Model 99 roll axis (Appendix 

A) indicated that the bank angle overshoot and settling time were 

functions of K., K« and K. . K and Kr were fixed at K = 9 deg/deg 
(p Ip 0/\p Ip (p <p ^ ^ 

and K* = 18 deg/deg/sec due to the flutter evaluation detailed in 

chapter 6. An increase of from 15 deg/deg to 60 deg/deg yielded 

satisfactory roll performance with no measurable overshoot and mi>nimum 

settl ing time. , 

It should be noted that at K = 60 deg/deg the separate sur- 

°AP 

face aileron saturates in the following direction. This saturation 


38 





invalidates the linear analysis of Appendix A and the bank angle over- 
shoot and settling time then become functions of the magnitude of 

primary aileron deflection as well as of K . , Kj and 

q> 9 oAH 

Flight test nol.l responses for the approach configuration 
included in Appendix B indicate that separate surface aileron satura- 
tion does not noticeably affect the bank angle overshoot; however, it 
does significantly affect the settling time as shown in Table 7‘1- 


Table 7-1. Effect of Separate Surface 
Aileron Saturation on Settling Time 


4-55. deg 


Tg, sec 

14 

1 .0 

1.4 

24 

1.2 

2.4 

26 

1 .3 

3.2 


7.2. Excessive Aileron Forces . An inherent problem in the SSSA 
attitude command concept is that a constant aileron deflection Is 
required to fly a constant bank angle. The wheel force required to 
maintain a constant bank angle is directly proportional to the primary 
aileron deflection. The amount of primary aileron deflection required 

is a function of the forward loop gain K. ; for large values of K„ , 

^AP ®AP 

less primary aileron (and therefore less wheel force) is required to 

fly a steady state bank angle. It should be noted that large values of 

also make the aircraft very sensitive to primary aileron inputs 

and change the roll response as discussed in' section 7.2.3. K. 

oap 

60 deg/deg was chosen to minimize control forces required to fly a con- 
stant bank angle^ and still not make the aircraft too sensitive to pri- 
mary aileron inputs. Figure 7.2 shows the steady state wheel force ‘as 
a function of bank angle with SSSA system gains, of = 9 deg/deg, 


= 18 deg/deg/sec and = 60 deg/deg. 


7.2.5 Pitch Trim Overshoot . After the fourth flight of SSSA Model 99, 
the pilots indicated that the aircraft had a pitch trim overshoot 
problem. When the pilot commanded a new reference attitude with a pilot 





trim input the aircraft overshot the commanded attitude and then 

gradually returned. This overshoot made it very difficult for the pilot 

to reach a desired attitude with the pilot trim. 

The overshoot was caused by improper sizing of the primar-y 

elevator gain (K- ) In the SSSA electronics. When the primary elevator 

°EP 

gain was initially sized, the aircraft response to trim Inputs was not 
considered. As a result of a pilot trim input, the attitude commanded 
by the SSSA computer was much less than that attained by the aircraft. 
Consequently, the separate surface, would saturate trying to oppose the 
aircraft motion and the. pitch attitude would overshoot the commanded 
attitude. The auto-trim system would eventually trim the aircraft back 


to its commanded attitude. The* problem was solved by increasing 

°EP 

so that the commanded attitude matched the basic aircraft response to a 


pilot trim input. For a complete technical description of this problem 


and its solution refer to Reference 12. 


7.2.6 Go-around Pitch Transients . Comments following the first NASA 
evaluation flight indicated that the pitch attitude performance of the 
SSSA Model 99 in a go-around acceleration was unsatisfactory. The basic 
Model 99 has very large pitch trim transients during configuration 
changes. These transients, represented by elevator control forces 
required to maintain a constant pitch attitude during configuration 
changes, are summarized in Table 7.2. The SSSA system as originally 
designed would lighten these forces. However, due to its limited 
authority, the separate surface elevator became saturated) which resulted 
in the loss'of pitch attitude command. As can be seen from Table 7.2, 
the largest factor contributing to pitch attitude changes on the Model 
99 is flap retraction. 

The approach taken to eliminate the loss of pitch attitude 
during a go-around was to allow the auto-trim system enough time to 
prevent separate surface elevator saturation by slowing the flap re- 
traction speed. The flap retraction speed was slowed by the "flap 
interrupt modification". This modification was designed to Interrupt 
the flap retraction any time the separate surface elevator exceeded a 
preset li.mit of +5°. Then the auto-trim system would reposition the 
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Table 7-2. Basic Model 99 Trim Characteristics 


Conf igurat ion Change 

Elevator Push Wheel Force 
Required to Trim Fg - N (Lb) 

Gear Up Down 

33 ( 7.5) 

Flaps Up Down 

222 (50.0) 

Half *> Full Power 

80 (18.0) 


separate surface elevator to within ±.- 5 °, and the flaps would continue 
retracting. By proper adjustment of the separate surface elevator 
deflection limits the flap retraction time was minimized for the 
go-around conditions. This modification increased the flap retraction 
time from 15 seconds to 25~30 seconds. The aircraft response -to a 
go-around acceleration before and after installation of the flap interrupt 
modification is shown in Figures 7-3 and 7.^ respectively. It should be 
noted that this modification also changed the flap extension time. 

7.2.7 Electronic Design Problems . Two electronic design problems were 
encountered during the system optimization portion of the flight test 
program. First, uncommanded high frequency movement of the separate 
surface controls appeared on flight fourteen. This problem was called 
the electronic "glitch" and was caused by an excess current demand from 
the SSSA actuators which induced electronic noise on the 28 volt DC bus. 
This problem was eliminated- by capacitive filtering of the SSSA power 
amplifiers. The details of the solution are given in Reference 9- 

The second electronic design problem was in the switching net- 
work of the yaw attitude command system. Due to the sensitivity of the 
digital electronics used in the heading hold function, the aircraft 
often selected an erroneous heading. This problem was also solved by 
electronic filtering which once again is -described in detail in 
Reference 11. 

7-2.8 SSSA System Gyro Malfunctions . Part of the original SSSA design 
concept was to use rnexpensive gyros. This concept was justified 
because overall system cost was of major importance. Since the aircraft 
was controllable, even in the event of' a hard-over failure, expensive 
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gyros were not required from a safety of flight standpoint. Several 
developmental problems are directly related to the use of inexpensive 
gyros. 

The roll asymmetry dLsjcus.se.d in section. 7.2.1 was. di rect-I-y 
related' to a zero-position offset of the roll rate gyro. The pitch 
oscillation discussed in section 7.2.2 was caused by a faulty vertical 
gyro. Finally, the SSSA system directional gyro had an intermittent 
heading drift which seriously degraded the optimization and performance 
of the yaw attitude command system. In retrospect, it would have been 
less expensive to have purchased higher quality, better precision gyros 
than to have expended the flight time and manpower required to solve 
gyro related problems. 

7.3 Summary of Optimum SSSA System Gains 

The optimum forward and feedback loop gains for the SSSA Model 
99 as determined by flight tests are given in Table 7.3, These gains 
were selected to minimize Euler angle overshoots and obtain arrcraft 
performance desired by NASA, Beech and KU flight test personnel while 
staying within the flutter envelope. Aircraft performance obtained 
with these gains will be discussed in Chapters 8 and 9 of this report. 
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-Table 7.3- Optimum SSSA System Gains 


A? rcraf t 
Axis 

Parameter 

Optimum 
Ga i n 

Un 1 ts 

Roll 

°AP 

60 

deg/deg 



9 

deg/deg 



18 

deg/deg/ sec 

Pitch 

■*EP 

28 

deg/deg 



20 

deg/deg 



4 

deg/deg/sec 

Yaw 

Kg 

RP 

1 

deg/deg 


K, 

4 

deg/deg 


K? 

6 

deg/deg/ sec 
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CHAPTER 8 


QUANTITATIVE FLIGHT TEST RESULTS 

8.1 Introduction 

The quantitative flight test program was performed to define 
the static and dynamic responses of the SSSA Model 99 In the attitude 
command mode, and to compare those responses with the basic Model 99. 

The quantitative flight test program consisted of step control 
responses in the pitch and roll axes; phugoid, short period and dutch 
roll dynamic responses, and a static longitudinal stability test. To 
save time during the flight test program the basic aircraft responses 
described in Chapters 8 and 9 were obtained with the SSSA system in. the 
slave mode. This eliminated the problem of bolting the primary and 
secondary surfaces together and making separate flights to evaluate the 
basic aircraft. The only difference between the basic aircraft and the 
slave mode was a reduction in control forces caused by the reduced 
primary control surface areas. 

All tests were done in both the slave and command modes, and In 
both the approach and cruise configurations. The approach configuration 
is defined as gear down and flaps down at 110 knots indicated air- 
speed. The cruise configuration is defined as gear and flaps up at 
170 knots indicated airpseed. The center of gravity was approximately 
28 Z MAC for all flight conditions. All computer generated plots re- 
ferred to are contained in Appendix B and were generated by the Boeing 
Company, Wichita, Kansas- 

8.2 Roll Axis Response 

The responses of the basic Model 99 (slave mode) and the SSSA 
Model 99 (command mode) to step aileron Inputs fn both the approach and 
cruise configurations are given in Appendix B, section 1. Sample roll 
responses are given In Figures 8.1 and 8.2, The important things to 
notice are that the Model 99 responds as a rate command system in the 
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slave mode, and as an attitude command system in the command mode. 

Also, In the command mode the bank angle overshoot Is not measurable and 
the settling time is a function of separate surface aileron saturation 
as discussed in section 7.2.3. The reader is reminded that the variables 
plotted by Boeing are labeled with their parameter identification names 
and can be translated using Tab le 4. 1 

8.3 Pitch Axis Response 

The responses of the basic Model 99 (slave mode) and the SSSA 
Model 99 (command mode) to step elevator inputs in the approach and 
cruise configurations are given in Appendix B, section 1. Sample pitch 
responses are given in Figures 8.3 and 8.4. Once again notice the 
attitude command performance of the SSSA Model 99 (command mode). 

8.4 Dynamic Responses 

Time history responses for the phugoid, short period and dutch 
roll modes of motion are given in Appendix B, section 2. The tests 
were run on the basic Model 99 (slave mode) and the attitude command 
Model 99 (command mode). The short period test was performed in the 
approach con'f i guration only. The phugoid and dutch roll tests were 
performed in both the approach and cruise configurations. The phugoid 
response was initiated by an elevator deflection with the aircraft 
trimmed at the specified configuration. The elevator deflection was 
held until the airspeed decreased 10 knots and then released. The 
aircraft response was then recorded with no further pilot inputs. The 
short period response was generated by an elevator doublet with the 
aircraft trimmed at the specified configuration. The dutch roll 
response was generated by a rudder doublet with the aircraft trimmed at 
the specified configuration. 

Tables 8,1 and 8.2 are given to summarize the dynamic responses 
of the various modes of motion of the baste and SSSA model 99 by giving 
their damping ratios and undamped natural freguencies. These values 
were calculated using the subsidence ratio method described in Reference 

13 . 
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FIGURE 8,3 Basic Model 99 (Slave Mode) Pitch Response Due to a Step 

Elevator Input 


52 


f 

FIGURE 8. 


1 17' 20.00 17 30.00 1 17 UO.OO 1 17 5 

4 SSSA Model 99 (Command Mode) Pitch Response Due to a Step 

Elevator input 
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The command mode phugoid responses and the short period 
responses were difficult to analyze due to the high damping and there- 
fore should be considered approximate values. The short period response 
In crui-se-was -not- avai-lablei The important th.ing .to noti-ce from Tables 
8.1 and 8.2 is the improved phugoid and dutch roll damping in the atti- 
tude command mode. 


8.5 Static Longitudinal Stability 

The static longitudinal stability of the basic Model 99 (slave 


mode) and SSSA Model 99 (command mode) was determined for both the 
approach and cruise configurations. The test was performed by changing 
the airspeed from the specified trimmed conditions with an elevator 
input, and then measuring the stick force required to maintain the new 
airspeed. The results of these tests with the primary elevator gain 


at Kg - 28 deg/deg are given in Figures 8.5 and 8.6. The effect of 
varying Kg is shown in Figure 8.7- This figure shows that the static 
longitudinal stability can be adjusted as a function of 


independent of aircraft center of gravity. 
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Table 8.1 Dynamic Responses tn the Approach 
Configuration at 635 kg (lAOO lb) Fuel 


Response 

SSSA 

Mode 

Damp i ng 
Ratio 

Undamped 

Natural 

Frequency 

Phugoid 

Slave 

• U 

.176 


Command 

.54 

.480 

Short 

Slave 

.54 

1 .58 

Period 

Command 

.63 

2.24 

Dutch 

Slave 

.15 

1.60 

Rol 1 

Command 

.31 

2.76 


Table 8.2 Dynamic Responses in the Cruise 
Configuration at 635 kg (l400 lb) Fuel 



SSSA 


Undamped 


Damping 

Natural 

Response 

Mode 

Ratio 

Frequency 

Phugoid 

Slave 

.16 

.127 


Command 

.50 

.2601 

Short 

Slave 



Period 

Not 

Aval lable 

Command 



Dutch 

S lave 

CO 

o 

2.36 

Rol 1 

Command 

.30 

2.36 
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FIGURE 8.7 SSSA Model 93 Static Longitudinal Stability, as a Function 
of K.__, in the Approach Configuration 






CHAPTER 9 


SSSA MODEL 99 QUALITATIVE EVALUATION 

9 . 1 Introduction 

The qualitative evaluation phase of the flight test program was 
performed to determine whether the handling and ride qualities of the 
Beech Model 99 were improved by implementation of the SSSA attitude 
command control system. The primary objective of the evaluation pro- 
gram was to generate subjective pilot opinions of the handling and ride 
qualities of the Model 99 while performing, a simulated IFR (instrument 
flight rules) mission. The mission was designed to test the operational 
characteristics of the aircraft and pilot and is described in Figure 

5.2 and Table 5-2. 

Prior to the evaluation flights the primary evaluation pilots 
attended an "Evaluation Pilot Seminar". This seminar accomplished the 
following objectives: 

1. Described the philosophy of qualitative flight evaluations 
and specifically described the Cooper-Harper pilot rating 
scale and Its usage. 

2. Described the attitude command control theory and how it 
was implemented on the Model 99 using SSSA. 

3 . Described the evaluation profile and the purpose of each 
task. 

Following the seminar each evaluation pilot flew a 1 to 1 .5 
hour familiarization flight to acquaint himself with the Model 99 
characteristics and the evaluation profile. After the familiarization 
flight, each evaluation pilot flew the qualitative flight profile in the 
basic Model 99 (slave mode) and gave a Coopei — Harper pilot rating; then 
each pilot flew the same profile in the SSSA Model 99 (command mode) 
and gave another Cooper-Harper pilot rating. The second profile was 
flown immediately after the first to allow, as nearly identical atmos- 
pheric conditions as possible. The two Cooper-Harper ratings were then 
used as a relative measure of aircraft handling qualities. In addition, 
all parameters described in Chapter 4 were recorded and analyzed as a 
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quantitative measure of pilot performance and aircraft handling and 
ride qual i ties . 

9 '. 2 Evaluation Pilot Experience Summary 

Three primary evaluation pilots and three NASA evaluation pilots 
participated in the program. The three primary evaluation pilots' 
resumes are given in Table 9.1. None of these pilots had any previous 
experience with the Beech Model 99, or the attitude command control 
system. 

The three NASA pilots* resumes are given in Table 9.2. None of 
these p.ilots had previous experience in the Model 99; however, two of the 
pilots had flown the NASA PA~30 attitude command system extensively and 
the third was very familiar with attitude command. 

9.3 Qualitative Evaluation Results 

The SSSA Model 99 handling and ride qualities are a function of 
the atmospheric turbulence level. The six evaluation pilots flew a 
total of eight flights at various turbulence levels. Each evaluation 
pilot was asked to give his opinion of the turbulence level during the 
flight. Figure 9.1 relates the pilots' subjective measure of turbulence 
to the actual turbulence level recorded by the TIMS system. 

9 . 3.1 Pilot Rating Summary . Figure 9.2 shows the relationship between 
Cooper-Harper pilot rating and RMS turbulence level for the basic 

Model 99 (slave mode) and the SSSA Model 99 (command mode). Figure 9.3 
shows that the pilot rating in the attitude command mode was improved by 
an average 1.12 pilot rating points. Figure 9,^ shows a least squares 
curve fit to the data points, 

9.3.2 Summary of Pilot Comments . After each evaluation flight, the' 
pilots were debriefed on the performance of the aircraft in both slave 
and command modes. The transcripts of the entire pilot debriefings are 
included as Appendix C, Some specific comments related to the handling 
and ride qualities are included in Tables 9.3 and 9.^, respectively. 
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lot Experience Summary 
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NOTE: 

1. • Command 

2. ■ Basic 

3. The Ordinate of this Graph 
is the Arithmetic Average 
of the RMS TIMS Output for 
Task 03,04, and 05. 





I 1 J 1 1 \ t t t t \ 

0.0 1.0 2.0 
Average RMS TIMS Output (RMS Volts) 


• 1 1 I 

Calm Light Moderate 

Subjective Measure of Turbulence Intensity 

FIGURE 9,2 Coopei Harper Pilot Rating as. a Function of 
Average RMS TIMS Output 
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FIGURE 9-3 ■ Average Coopei Harper Pilot Rating as a Function 
of Average RMS TIMS Output 
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Table 9.3 Handling Q.ualities Comments 


Pitch attitude command: 

i liked the decoupling effect of being able to con- 
trol the glide slope and the rate of descent with the 
pilot trim and the speed with power. 

Glide slope was more positive with the system on. 

Pitch attitude command is probably the biggest 
improvement that I see in that the attitude tends to 
be locked in. 

Not much change in the pitch axis except for the 
gear and flap transients. 

Missed approach much easier, aircraft well con- 
trolled. 

When the go-around was executed, I was forced to 
establish a climb attitude. The basic aircraft would 
naturally pitch up with acceleration. 


Roll attitude command: 

The workload is much lower, especially in the roll 
axis; I felt much more confident of my ability to per- 
form the mission. 

The localizer was easier to maintain. 


Heading hold: 

The basic aircraft wallows around. !t Is difficult 
to hold heading. The aileron forces are high. When you 
turn your system on, it relieves the pilot workload, 
particularly when maintaining heading In turbulence, if 
turbulence knocks you off (the heading), the system brings 
you back to It. 

Initially I was fighting the heading hold system; i 
wasn't turning loose and letting it settle down. I found 
out later if I flew almost hands off, heading hold was 
pretty good. 
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Table 9.4 Ride Quality Comments With 
Attitude Command System On 


In all the axes, as soon as you turn the’ attitude 
command on it seems as if the turbulence decreases by 
half. 

The ride is much smoother. 

The airplane seems as if it is on a rail or track. 



In summ 3 ry, the pilots were favorably impressed .with the 
elimination of control force transients that accompanied configuration 
change 54 They also felt that their workload was greatly reduced for 
precision maneuvers such as glideslope and localizer tracking and 
heading hold. In general, the pilots felt more confident of their 
abilities to perform the IFR task in command mode. Most pilots felt that 
the ride qualities and turbulence response of the aircraft were improved 
by the attitude command system. Finally, the pilots did not like the 
necessity of holding aileron forces in turns. 


Qualitative Flight Test Data Summary 


The parameters described in Chapter k were recorded and analyzed 
for each evaluation flight in an attempt to support the subjective 
opinions of the evaluation pilots. A sample set of time-histories and 
statistical calculations for flight number 36 is given in Appendix D. 
Time-histories and statistical calculations for all evaluation flights 


are on file at KU-FRL. 

The following sections summarize the pilot performance, pilot 
workload, and aircraft ride qualities during the evaluation flight 
profile. Care should be taken In drawing strong conclusions from these 
data. The following points should be considered when reviewing the 
statistical data summaries: 

1. This program had a very limited number of data points which 
makes it difficult to make valid statistical calculations. 

2. The evaluation profile was developed to generate qualitative 
or subjective pilot opinions, not quantitative data. 

The data presented in this section is represented in three 

formats; 

1. Data points with no curve; 

2. Mean representation of the data points; and 

3. Least squares curve fit with assumed data points at the 
origin. 

The slope of the least squares curve fit line is strongly 
affected by the lack of data at low turbulence levels. Therefore, a 
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data point at the origin was assumed in several cases and this assump- 
tion is noted and explained in the appropriate section. 

Pilot Performance Summary . Three parameters were chosen to 
summarize pilot performance; heading deviation during the precision 
heading task, and glideslope and localizer deviation during the ILS 
approach. Figure 9.5 shows the standard deviation of aircraft heading 
as a function of RMS turbulence level during the precision heading 
maneuver. Figure 3.6 shows that the average heading deviation of the 
basic Model 99 (slave mode) and the SSSA Model 99 (command mode) was the 
same. Figure 9*7 shows a least squares curve fit to the data points 
with an additional point assumed at the origin. This assumption means 
that in the hypothetical case of no turbulence, or absolutely calm air, 
the aircraft will hold heading perfectly. 

Figures 9.8 and 9.9 show the RMS localizer and glideslope 
signals as a function RMS turbulence level during the ILS approach. 
Figures 9.10 and 9.11 show that the average RMS localizer deviation was 
slightly higher In the SSSA Model 99 (command mode) but that the average 
RMS glideslope deviation was slightly less. Figures 9*12 and 9-13 show 
that least squares curves fit to the RMS localizer and glideslope signals 
as a function of RMS turbulence level. Points at the origin were 
assumed; the assumption means that In the hypothetical case of no 
turbulence, the pilot can fly a perfect ILS intercept. 

The data- contained in Figures 9.5 through 9.13 indicate that for 
the tasks selected the pilots' performances were not significantly 
improved by SSSA attitude command. However, the pilot's subjective 
opinions were that their performance was improved. 

g.l}.2 Pilot Workload Summary . Three parameters were chosen to 
summarize pilot workload; primary aileron activity during the precision 
heading task, and primary aileron and elevator activity during the ILS 
approach. Figure 9.1^ shows the standard deviation of primary right 
aileron position as a function of RMS turbulence level for the precision 
heading maneuver. Standard' deviation' was chosen to represent workload 
so that any constant aileron deflection required to maintain wings level 
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FIGURE. 9.5 Standard Deviation of SSSA Model 99 Heading as a Function of 
RMS TIMS Output for the Precision Heading Task 
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FIGURE 9.6 Average Standard Deviation of SSSA Model ,99 Heading as a 

Function of RMS TIMS Output for the Precision Heading Task 
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FIGURE 9.7 Least Squares Curve Fit to the Standard Deviation of SSSA 
Model 99 Heading as a Function of RMS TIMS Output for the 
Precision Heading Task 
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FIGURE 9-8 RMS Localizer Signal as a Function of RMS TIMS Output 
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FIGURE 9.9 RMS G1 Ideslope Signal as a Function of RMS TIMS Output 
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RMS Localizer Signal (Degrees) 


NOTE: 

1. • Comand Mean 

2. ■ Basic Mean 

3. Task 04, ILS Approach 


RMS TIMS Output (RMS Volts) 


Calm Light Moderate 

subjective Measure of Turbulence Intensity 

FIGURE 9.10 Average RMS Localizer Signal as a Function of RMS 
TIMS Output 
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FIGURE 9-H Average RMS Glidesiope Signal as a Function of RMS 
TIMS' Output 
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FIGURE 3.12 Least Squares Curve Fit to the RMS Localizer Signal as a 
Function of RMS TIMS Output 
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FIGURE 9-13 Least Squares Curves Fit to the RMS Gltdes.lope 
Signal as a Function of RMS TIMS Output 
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FIGURE 9.1A Standard Deviation of Primary Right Aileron Position as a 
Function of RMS TIMS Output for the Precision Heading Task 
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FIGURE 9.15 Average Standard Deviation of Primary Right Aileron 
Position as a Function of RMS TIMS Output for the 
Precision Heading Task 
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would not increase the measure of workload. Figure 9.15 shows that the 
average pilot workload was reduced ~12% for the SSSA attitude command 
system- Figure 9.16 shows a least squares -curve fit to the data. A 
poin.t at the origin .was assumed; .the assumpt.ion means that in the case 
of no turbulence, the aircraft will hold heading with no pilot activity 
required. ' 

Figure 9-17 shows the standard deviation of primary right 
aileron position as a function of RMS turbulence level for the I LS 
approach. Figure 9,18 shows that the average aileron workload was 
reduced 62Z by the SSSA attitude command system. Figure 9.19 shows a 
least squares curve fit to the data. A point at the origin was assumed; 
the assumption means that in no turbulence, once the pilot was 
established on the localizer he would not have to change his position 
with an aileron deflection. 

Figure 9.20 shows the standard deviation of the primary elevator 
position as a function of RMS turbulence level for the ILS approach. 
Figure 9.21 shows that the average elevator workload was increased by 
21^ by the SSSA attitude command system. Figure 9.22 shows a least 
squares curve fit to the data, A point was assumed at the origin, this 
assumption means that once the pilot was established on the glideslope, 
he would not have to change his attitude with an elevator deflection. 

The data contained in Figures 9.11f through 9.22 indicate that 
the pilot's primary aileron workload was reduced significantly in both 
the precision heading and ILS approach tasks by the SSSA attitude 
command system. The primary elevator workload was increased slightly 
in the ILS approach. 

9.^.3 Ride (Qualities Summary . Three parameters were chosen to 
summarize ride qualities: normal and lateral acceleration during the 
precision heading task, and lateral acceleration during the ILS inter- 
cept. Figure 9.23 shows the standard deviation of normal acceleration 
as a function of RMS turbulence level for the precision heading task. 
Standard deviation of normal acceleration was chosen because the steady 
state value of normal acceleration is one g; the normal acceleration 
varies above and below this value; therefore, an RMS value would not be 
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FIGURE 9 .. 16 Least Squares Curve Fit to the Standard Deviation of 
Primary Right Aileron Position as a Function of RMS 
TIMS Output for the "Preci s'ion Heading- Task 
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FIGURE 9.17 Standard Deviation of Primary Right Aileron Position 
as a Function of RMS TIMS Output for the ILS Approach 
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FIGURE 9.78 Average Standard Oeviat ion of Primary Right Aileron 
Position as a Function of RMS TIMS Output for the 
I LS Approach 


85 


standard Deviation Pri mary Right Aileron Position (Degrees) 


NOTE: 

1. •Command 



« 1 1 

Calm Light Moderate 

Subjective Measure of Turbulence Intensity 

FIGURE 9.19 Least Squares Curve Fit to the Standard Deviation of 

Primary Right Aileron Position as a Function of RMS TIMS 
Output for the ILS Approach 
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FIGURE 9.20 Standard Deviation of Primary Elevator Position as a 
Function of RMS TIMS Output for the ILS Approach 
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FIGURE 9.21 Average Standard Deviation of Primary Elevator Position 
as a Funct i.on' of RMS TIMS Output for the ILS Approach 
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FIGURE 9,22 Least Squares Curve Fit to the Standard Deviation of 
Primary Elevator Position as a Function of RMS TIMS 
Output for the ILS Approach 
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FIGURE 9.23 Standard Deviation of Normal Acceleration as a Function 
of RMS TIMS Output for the Precision Heading Task 


90 


an accurate measure of ride qualities. Figure S,2M shows that the 
average value of normal acceleration standard deviation of the basic 
Model 99 (slave mode) is nearly the same as that of the SSSA Model 99 
(command mode) for the precision heading task. Figure $.ZS shows a 
least squares curve fit to the data. A point at the origin was assumed; 
the assumption means that in the case of no turbulence, the normal 
acceleration on the aircraft is constant at one g during the precison 

V 

heading task. 

Figure 9*26 shows the RMS lateral acceleration as a function of 
RMS turbulence level during the precision heading task. Figure 9.27 
shows that the average RMS lateral acceleration was increased S% by the 
SSSA Model 99 (command mode). Figure 9-28 shows a least squares curve 
fit to the data. A point at the origin was assumed; the assumption 
means that in the case of no turbulence, the aircraft was subjected to 
no lateral acceleration in the precision heading task. 

Figure ^.2$ shows the RMS lateral acceleration as a function of 
RMS turbulence level for the ILS approach. Figure 9-30 shows that the 
average RMS lateral acceleration of the basic Model 99 (slave mode) was 
decreased by \\% by the SSSA Model 99 (command mode). Figure 9-31 shows 
a least squares curve fit to the data. A point at the origin was 
assumed; the assumption means that in the case of no turbulence the 
aircraft was subjected to no lateral acceleration during the ILS 
approach. 

The data presented in Figures 9.23 through 9.26 do not indicate 
a significant improvement In ride qualities with the SSSA Model 99 
functioning in the attitude command mode, However, the pilots indicated 
that they felt the attitude command system improved the aircraft ride 
qua 1 i t i es , 
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Task 
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FIGURE 9*25 Least Squares Curve Fit to the Standard Deviation of 
Normal Acceleration as a Function of RMS TIMS Output 
for the Precision Heading Task 
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FIGURE 9.26 RMS Lateral Acceleration as a Function of RMS TIMS 
Output for the Precision Heading. Task 
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FIGURE 9.27 Average RMS Lateral Acceleration as a Function of RMS 
TIMS Output for the Precis.ion Heading Task 
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FIGURE 9.28 Least Squares Curve Fit to the RMS Lateral Acceleration 
as a Function of RMS TIMS Output fpr the Precision 
Heading Task 
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FIGURE 9.29 RMS Lateral Acceleration as a Function of RMS TIMS Output 
for the ILS Approach 
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CHAPTER 10 


CONCLUSIONS AND RECOMMENDATIONS 
10. 1 Conclusions 

The flight test program on a Beech Model 99 has demonstrated 
that Separate Surface Stability Augmentation (SSSA) can adequately 
provide attitude command and improve the handling and ride qualities 
of the aircraft without control force feedback to the pilot- SSSA 
also has the capability of performing less demanding augmentation tasks 
such as yaw damping, wing leveling, and auto-pilot functions. 

Additionally, this program supports the conclusions of a NASA Dryden 
Flight Research Center PA-30 program: attitude command improves the 

handling qualities of an airplane while performing an instrument flight 
rules ( I FR) task in turbulence. The Cooper-Harper pilot rating was 
improved by an average of 1.12 points for the mission flown. The 
maximum improvement on an individual pilot basis was 2.0 points and 
the minimum was 0 points of improvement. 

The ’improvement in pilot rating can be related to the reduction 
in pilot workload in performing the IFR task. Reductions in aileron 
activity and pitch trim transients are the most prominent areas of 
Improvement. Another area that can be related to the improvement 
in pilot rating is apparent improvement in ride qualities. The evaluation 
pilots subjectively felt an improvement in the ride qualities. 

The aspect of the system that tended to degrade the pilot 
rating was the necessity to hold aileron force for a banked turn. Even 
though the forces were minimized, the pilots generally objected. 
Additionally, the apparent static longitudinal stability was increased 
significantly by the SSSA system which made the aircraft feel very stiff 
in pitch. The rationale for this change was that while flying attitude 
command the pilot should make attitude changes with the pilot's trim. 
However, the evaluation pilots still wanted to make small pitch attitude 
changes with elevator inputs. Consequently, the increased forces tended 
to degrade the pilot rating, (it should be noted that this problem 
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could be eliminated by incorporating separate forward loop gains for 
the primary elevator and pilot trim inputs.) 


10.2 Recommendations 


1. Based upon the results of this program, attitude command 
in the roll axis is not acceptable without an easily 
accessible trim system in bank. The most logical system 
would be an electric trim mounted on the pilot's control 
wheel. The most desirable system would be rate command/ 
attitude hold in the roll axis. 

2. Adaptation from a conventional rate command system to an 
attitude command system requires a significant amount of 
familiarity (5 “ 10 hours) before the full advantage of 
the system is attained. Therefore, additional familiarity 
should be given to the evaluation pilots. 

3- Separate Surface Stability Augmentation should not be 

viewed as merely a means for implementing attitude command. 
It should be viewed as the name implies, as a viable 
method of stability augmentation. 

Several of the aircraft step response problems are related 
to separate surface control saturation. The problems were 
solved adequately for this program; however, a complete 
analytical description of the effect of control saturation 
is lacking- This, description should be developed. 
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APPENDIX A 

DETERMINATION OF THE FACTORS AFFECTING 
BANK ANGLE OVERSHOOT AND SETTLING TIME 


Appendix A contains a theoretical determination of the 
factors contributing to the SSSA Model 99 bank angle overshoot and 
settl Ing time. 
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The SSSA Model 93 roll axis block diagram can be expressed as 


shown in Figure A. 1 . The .61 and .39 terms represent the control power 
percentage of the primary and separate surface a1 Ter on s respectively. 

The and represent intermediate signals in the electronics and are 
used to simplify the block diagram algebra. The (j)/6^ transfer function 
is the basic airplane <j)/6 transfer, function and is represented in this 

r\ 

analysis by the single degree of freedom roll approximation of reference 

3. 

tlE). = 

6^(S) S(S-Lp) 

Therefore applying block diagram algebra: 
e^(S) = .61 6^p{S) + .39 6^^ (S) 

S+9 . 5 ^ 

substituting for 6^^ (S) in the expression: 
substituting for 

c, . .61 6 (S) + .39 [ (^) (Kj « (S) - (^) 

AP 

(SK^+K^) (<t>(S) ) ] 
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from block diagram algebra: 




substituting for and simplifying leads to: 



Jftp(S) 


This equation indicates that the dynamic response (represented by bank 
angle overshoot and settling time) of the SSSA Model 99 to a step aileron 
input is a function only of K,, Kr, K. , and L . 

^ ^ P 

In the case of the SSSA Model 99* L„ and L are fixed and K. , 

«A P <!> 

Kj and K„ can be varied to change the roll axis dynamic response. 

<!> «AP 

It should be noted that this is a linear analysis and assumes no 
saturation of the separate surface controls. If the separate surface 
controls saturate the analysis is no longer valid. Also, due to the 
negative feedback loop and the SSSA electronic sign convention of a 
positive control deflection yielding a positive- Euler angle, the sign of 
L. should always be positive. 

^ n 


no 



APPENDIX B 
QUANTITATIVE DATA 


Appendix B contains the time-history plots generated 
during the quantitative flight test program. Section 1 contains 
aircraft responses to step control inputs in the roll and pitch 
axes, and section 2 contains aircraft dynamic responses. All 
plots were generated by the Boeing .Company, Wichita, Kansas, at 
the request of KU-FRL. 



APPENDIX B - SECTION 1 
AIRCRAFT RESPONSE TO STEP CONTROL INPUTS 

See Table ^.1 for parameter identification. 

Computer printout scales may be read as follows: 
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APPENDIX B - SECTION 2 
AIRCRAFT DYNAMIC RESPONSES 
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APPENDIX C 

PILOT COMMENT TRANSCRIPTS 


Appendix C contains written transcripts of the evaluation pilots' comments . 
The comments were recorded during the debriefing session after each evaluation 
flight . 
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Date: Feb. 25, 1976 


Flight: 026 


Takeoff: 1527 


Pilot number: 
Pilot rating: 3 

Task 1 
Task 2 


Task 3 & 4 


Task 5 


5 

.0 


SSSA mode: Command, heading 
hold roll on , heading hold yaw on 

Turbulence level: Intermittent light 


Wheel forces are a bother . Seems to increase workload . Rate 
of climb , , control seems to be poor due to gyro precision . 

Pilot rating = 3.0 


Heading hold is good for an accuracy of ±2° to ±3° . However , 
if you need to fly heading ±1® the workload is as great as the 
slave aircraft. 


Pilot rating =3.0 


Heading corrections seem to be slow, i.e. the aircraft seems to 
respond slowly to heading command . The first ILS approach was 
too close to the O .M . Could not get established well on ILS . 

Second approach was better but not much. As a consequence the 
system was downgraded overall by approximately 1 pilot rating . 

Pilot rating = 4.0 


Missed approach was much easier . The aircraft was well 
controlled without being hurried . 


Pilot rating = 3.0 
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Date: Feb. 25, 1976 
Pilot number: 5 
Pilot rating: 4.0 


Flight: 026 Takeoff: 1527 

SSSA mode: Slave (basic airplane) 

Turbulence level: Intermittent light 


I'll talk about the vertical S's first, here. OK. There isn't anything specific. 
I'll just say it requires a lot of work, continuous high workload, and I'll give it a 
pilot rating of 4 but 1 think the basic thing that makes it hard to do are the facts 
that gusts upsets and the fact that if you are not perfectly trimmed it just drifts away 
from the commanded attitude . Also , 150 knots is particularly flat on the speed 
power curve and airspeed tends to drift a lot and it takes a lot of throttle motion to 
keep it somewhere in the general ballpark. It does make it quite a lot easier if you 
know what power settings to use for the climb and the descent. It looks like about 
1,100 foot-pounds torque for the climb and about 400 or 500 for the descent worked 
out about right . 

Small heading changes— the airplane is really fairly nice for that— not too much 
workload and it is fairly easy to make small heading changes. About a 3 for the 
pilot rating on that. Does require fairly continuous attention or else the heading 
does drift off. I think a 3 probably covers the pilot rating there OK. I will mention 
that there is slight turbulence , slight intermittent turbulence throughout the evalua- 
tion . There is one little nuisance factor and that is that the vertical index on the 
attitude indicator is hard to see with the goggles on and it is hard to hold a 30° bank 
because it is hard to actually see the 30° index. OK. 

The ILS Itself— I wouldn't have any particular objections to it but the overall 
workload is high and I think I would give it a pilot rating of 5 . But I must say that 
the approach actually worked out a little better than I thought it would . But the 
workload is high and continuous . I was satisfied with the pattern and the procedure 
we used. 

I think the level of performance achieved was adequate for the goaround and I 
would give that about a 5 also; it wasn't quite as difficult to deal with as 1 thought 
it would be. And I think the performance was adequate although it was during a 
critical part of the workload that I had to add power and I really didn't have enough 
attention span to set the power adequately . I just pushed on a lot of power and then 
controlled aircraft attitude. The overall result was pretty good except that the safet;5 
pilot had to watch what I did with the throttles there to keep from overboosting . 
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Date: Mar. 9, 1976 
Pilot number: 6 

Pilot rating: 4 . 0 

Separate surfaces 
Roll and yaw axes 


Flight: 028 Takeoff: 1140 

SSSA mode: Slave 

Turbulence level: Light to moderate 

seem to lag the primary surfaces quite a bit . 

£ 

are very difficult to control in turbulence. 
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Flight: 028 


Takeoff: 1140 


Date: Mar. 9, 1976 
Pilot number: 6 
Pilot rating: 2 . 5 


SSSA mode: Command, yaw damper 
only 


Turbulence level: Light to moderate 


Trim change with gear and flaps is very nice . 

Workload is definitely much less with the system in command. The roll axis 
attitude command is very helpful; it lightens the workload a lot. 

The heading hold function is not tight enough to suit me . Heading hold 
switching is good! The aircraft localizer is not really sensitive enough. I noticed 
on Einar's flight that it lags quite a bit. 

Overall I had much more confidence in my ability to perform the mission in the 
command mode . 

The biggest improvements are in the roll and yaw axes . Outside of gear and 
flap transients, there is not much change in pitch axis. 
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Date: Mar . 9 , 1976 


Flight: 028 


Takeoff: 1140 


Pilot number: 6 

Pilot rating: 2.5 


SSSA mode: Command, heading 
hold roll on , heading hold yaw on 

Turbulence level: Light to moderate 


The heading hold functioned much better with the yaw axis engaged . 

I feel that the pitch trim response is too sensitive while the primary elevator 
pitch response is not sensitive enough. 

I suggest doing both a long turn in and a short turn in on the ILS approaches. 
I think the pilot can better evaluate all aspects of the system on the long turn-ins. 

The wheel forces needed for sustained maneuvers (especially banked turns) 
are objectionable. I suggest some sort of roll axis trim on the control wheel. 

The heading hold drift is annoying, but it’s still much better than the basic 
aircraft . ; ■ 
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.Date: Mar. 17, 1976 


Flight: 031 
SSSA mode: Slave 


Takeoff: 1450 


Pilot number: 3 
Pilot rating: 3.5 


Turbulence level: 


Very light 


Task 1 Once you get set up , it’s very easy to perform these vertical 

S’s. You don't have to do anything. 

Task 2 The heading is not difficult to maintain with basic aircraft. 

Task 3 I was very busy trying to perform this maneuver . I thought 

I was going to be much closer to the outer marker, but as it 
turned out I had plenty of time to set up on the glideslope . 

Task 4 No problem , I fly the localizer by maintaining a heading. 

Task 5 There were very large trim changes with gear and flaps and 

as a result it was difficult to trim to a nose up attitude . 

Task 6 I could maintain heading very well. 

In general , the trim changes were the most detrimental factor in the basic 

aircraft performance . 
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Flight: 031 


Takeoff: 1450 


Date: Mar . 17 , 
Pilot number: 5 
Pilot rating: 2 . 

Task 1 

Task 2 
Task 3 

Task 4 

Task 5 

Task 6 
Pilot rating 


1976 


5 


SSSA mode: Command, heading 
hold roll on , heading hold yaw on 


Turbulence level: Light 


The wheel forces required to maintain a sustained bank angle 
were very objectionable. I liked the basic aircraft performance 
in this maneuver better because of this. I want to note that the 
pitch axis performance does not seem to be much different than the 
basic airplane. 

It is easier to hold a heading with the augmented airplane . 

I couldn’t read the DME very well on’ the slave approach, but 
overall I couldn’t tell much difference between the two on the 
turn-ins . 

Glideslope control was not much different , but it may have 
been a little more positive with the augmented airplane . The 
localizer was easier to maintain with the augmented airplane , 
probably because of the heading hold , 

The goaround was much better . There were no trim changes 
with gear and flaps and a trim input gave immediate nose-up 
attitude . I would say this is the biggest [area of improvement over 
the basic aircraft . 

The heading was more difficult to maintain here. I couldn't 
control it within ±5° . I don't know why, I just can't explain it. 

I would give the augmented airplane a 2.5 if an electric roll 
trim switch could be implemented. If not, I'd have to give it a 
4.5 because those wheel forces are very objectionable. 
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Date: Apr . 6 , 1976 

Pilot number: 2 

Pilot rating: 

Slave “4.0 
Command — 4.0 


Flight: 30 

SSSA mode: Slave/command 
Turbulence level: Continuous light 


First thing that I am going to make a note of here is that we got a lead and lag 
in the altimeter which is bouncing the altimeter around anywhere from ^25 to -30 
up to a +50. It is probably going to show up in the vertical S maneuvers'. I didn't 
mention it yesterday but the gyro wings level marker isn't quite on. In other 
words it's very slight right wing down position for wings level flight apparently , 
if you put in the center on the gyro it tends to drift a little bit . I've retrimmed the 
airplane now so that I seem to get a wings level condition . The airplane needs 
retrimming here. Still getting the glare in the turns that gives me some trouble as 
far as sight of the instruments is concerned. [End of second day.] 

Today I still have a little bit of trouble with chasing the rate of climb on this 
thing getting the airplane trimmed, to give me the rate of descent that I want and 
to keep it constant. It's really smooth out today I really shouldn't be having any 
particular trouble with it. I still have the tendency with the basic airplane to over-' 
shoot the heading slightly . The needle and ball and the trim on the airplane don't 
all go together. We've got, at 3,000 feet we've got an occasional shear that gives a 
bump that's not what you would call a continuous light turbulence situation but an 
occasional shear type turbulence. Turbulence is now becoming a consistent light 
chop . In this light chop I've got the same thing again, I've got to chase the rate of 
climb just slightly more than I would like to be real comfortable. It's difficult to 
tell with small changes in the altitude because the altimeter is still fluctuating some 
without the rate of climb indicating anything , sort of just a bounce on the needle 
of the altimeter. In answer to your question about vertical S maneuvers, I was 
having some trouble with chasing the rate of climb and it was a little bit tricky 
because the altimeter fluctuates a little to a -25 to a +50 fluctuation. Still I feel on 
the basic airplane I've got to chase it some on pitch trim. I made a comment on tape 
to that respect. Also, made a comment on the tape that the turn and bank indicator, 
that the ball is not re^ly centered up and the needle is not really centered when the 
airplane is trimmed for level flight so that also tends to give you the sensation of 
carrying the wing all the time . But other than that ! didn't note any particular 
dislikes on the transitions to climb and glide . The airplane is a little slow to get 
going up again . It seems to trim over pretty well but it's a little more tricky to 
trim for a climb attitude with the power setting . In response to the question of 
precision heading , I didn't seem to have too much trouble today as far as precision 
heading was concerned related to basic functions of the airplane. The pitch trim is 
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still a little bit difficult to come by to keep a nice level attitude that you would want 
to take your hands off of . After Mike got through with it , it was trimmed up so that 
I didn't have much trouble with wings level as long as 1 kept into account what the 
needle ball configuration was. In relation to the 90° intercept I tried to pop it over 
a little quicker today . I went to about 30° to 35° bank and kept the altitude a little 
better; however I still- didn't- get it trimmed over for the flaps . The basic system 
has got a lot of pop up on the nose with gear and flaps and you've got to be aware 
of it and lead that and I still don't have a good hold on that. I still am behind the 
airplane as far as getting the trim in for that pop up on the nose . Other than that 
I had no particular problems on the intercept; I had one and a half overshoots till 
I was on course and then a slight trim in the rudder trim setting and as soon as I 
got that down, even with the light occasional turbulence we were getting, I didn't 
have much trouble with the glideslope from there on in. I agree that a light chop is 
a good evaluation of the turbulence. On the missed approach and goaround, here 
again when you pull the gear and flaps even with the torque set at red line torque 
you have a real sensation of the basic airplane sinking . It's indicating zero rate of 
climb and it's slow to transition to a climb but you have a sensation in the airplane 
that you haven't established a climb yet and you really tend to watch the airspeed 
closely because you get this feeling of sinking quite a while before you really get 
a rate of climb going . After I had the rate of climb going and had turned to the 
given heading of 060 I didn't have any particular trouble other than what I 
mentioned before in the vertical S maneuvers (it was somewhat touchy and you had 
to work at it to trim an attitude on pitch) . In relation to the Cooper-Harper handling 
quality rating scale, the airplane is controllable and it certainly is well within the 
average pilot's capability , Capability on performance for pilot tolerance is satis- 
factory . The controls are a little bit heavy and it's a little bit of a nuisance to have 
to fight the pitch trim quite as much as you have to but it's still satisfactory . I 
would say the airplane is satisfactory without Improvement. Let's put it this way; 
some improvement would be desirable but is not something that would necessarily 
be required . Looking over to the side now , the ratings of 1 through 6 , which is 
the level that I have gotten to, I better go back to the without improvement and say 
that it has a minor shortcoming in longitudinal trim . It's a nuisance and I would 
put it in on , probably on, a 4 rating. It's a minor but annoying shortcoming in the 
pitch axis . Probably a 4 . 

Still have a little difficulty keeping the airplane over in attitude according to 
gyro position. Need just a little more trimming . I am having some difficulty 
right now with big changes in pitch attitude . Little slow getting the nose over 
there, it's more of a deal of trimming it over a little faster than anything else . The 
turn is set to the right now . Seem to feel a little pressure on the rudder that I 
didn't feel yesterday— maybe it's just my imagination. Now I am getting the nose 
trimmed into position for descent, I'm about 350 feet behind my altitude in my turn. 
Behind and trim it over just a little more and now it's coming down better. Now 
this heading and altitude is just about right. Let's steepen it up a little bit. That's 
better — a little smoother . The airplane seems to kick back and forth a little more 
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than I would like it to on ailerons. It's hitting and engaging and disengaging the 
system . Thing was. chasing the ailerons in left turn and was more my fault than 
anything else . Just getting used to it again, 1 got up and transitioned to descent 
of 500 feet a little better that time. Turns and everything came out about the same, 
together . It was a better transition on that change from climb to a glide . I'm not 
having as much trouble this time with the aileron. Still get something that feels 
like I*m getting some help on the ailerons which doesn't seem to be from turbulence . 
With the SSSA, I'm working the level stuff on this trim system a lot better today. 

I find the feel of the grip and the less I fiddle with it the better it stays where it' s 
supposed to be put. It does have some drift in the heading hold with hands off; 
however , it is not bad . It still isn't tremendously stable; you got to fiddle with that 
but not as much as I did the basic airplane. When you get a turbulence bump, 
though , it doesn't come back together and it's a light touch almost hands off wings 
trimmed for 310 and drifting to the right a little increasing the heading but it's 
800 foot per minute rate of descent a little turbulent and it's holding well. It's a 
little solider hold on the trim system. Would probably be a real neat arrangement. 
It's gotten up to about 170 there as I'm coming down toward altitude. So I got up a 
little fast. Seem to affect as much as you stay with the trim . It's kind of nice if 
used to help on the longitudinal pitch from power change although it's not a very 
significant power change . That's nicer on the longitudinal trim in the gustier air . 

I can feel it working against it on the ailerons and on the pitch trim . Holding up 
about 165 here so will reduce the power a little and let it slow down. We're on 
final heading before intercept on 220 here headed for the ILS . I got to chase the 
aileron thing a little hit trying to get the wings to level out I tend to over control 
that and messing with that and I overshot my localizer again by quite a bit of 
degrees and 100 feet headed in and corrected it back so we didn't go too far off. 

The system works a lot better if I don't touch it . Tend to fight the rudder a little 
bit here; it seems to want to run the hall out to the right. Putting in the rudder 
seems to be trimming it , and it takes quite a bit to keep it that way— to try and keep 
the ball in the center . We won't fight it , let it run a little ball out to the right 
'cause I think I remember Jerry saying that it was an acceptable thing . 

In reply to the question about the vertical S ' s . On pow er changes on the climb 
of the vertical S , after I finally started letting the system do more of the work 
instead of trying to chase it on the second vertical S . The first one was kind of 
sloppy but I was working the system and it was working against me. The second 
vertical S I was letting the trim system do more of its own thing. I found that I 
didn't have, as much trouble with the aileron heating back and forth as I did on the 
first vertical S and consequently I could regulate my turn a little better . I still 
had trouble with the pitch trim changes on this. However, I don't think that it 
takes as much to get to an attitude . But when this gets humped away from an atti- 
tude it doesn't come back real well . In other words it takes more fiddling to work 
it back to its trim position than it does getting there initially . That was my impres- 
sion on the climb. On the descent in it, it seems to be a lot more stable there in the 
pitch trim mode , and the second one was a lot more comfortable than the first one . 
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Pitch trim in the descent it was easier to transition to it and it was a lot more stable 
in the descent as far as being pitched out of the thing and getting it back on trim 
again . That probably has something to do with power effects on it; I don't know , 
the difference in speed, et cetera. 

In reply to the question on the initial precision heading, there again I was 
fighting the system . In other words I wasn't turning loose and letting it settle 
down . I found a little later on that if I flew an almost hands off situation that 
heading was pretty good . It drifts some , but it's not fast and it seemed to be 
continually to the right so I could correct it back. Also by doing this I got away 
from fighting the microswitches on the yoke « However , the wheel is still loose and 
sloppy . On straight level headings and so forth , you play with the things on pitch 
trim almost as much as you do as with the basic airplane but you don't have the 
heaviness in the controls with the system on that you do with the basic airplane . 

You got more force in the ailerons , it's heavier to handle laterally with the trim 
system on than it is in the basic airplane. Ninety degree intercept, by that time I 
was getting a little more familiar with letting the controls do more, although I didn't 
get around as fast as I did with the basic airplane . I found that it's heavy on ailerons 
to hold over at 30 °; that is pretty good heft there and that's kind of a nuisance — 
that's something that you’d want to correct. I didn't get around as fast so it took me 
two and a half over shots as compared to one and a half getting it back on. But there 
again I wasn't keeping quite as much angle of bank because it was heavy on the 
aileron. But once I got it around and got it on the heading, by going almost hands 
off again , it was doing a good job of keeping me going where I wanted to, on the 
azimuth . I'm still chasing the rate of climb on the thing but I don't think I was 
having to do as much trimming on the glideslope with this- as I did with the basic 
airplane plus the fact that I could definitely feel this control system . There wasn't 
as much pitch on the wings against the ailerons with the trim system on as there 
was on the basic airplane so I was getting some benefit from the aileron corrections 
against the turbulence on the glideslope . In fact more so on the glideslope than I 
noted in level flight . It was damping it more than there , particularly before we 
got in close . The last few minutes weren't quite as bad for us but earlier in the 
approach it was choppier. The basic airplane, I didn't do any hands off. Now you 
know I'm not really familiar with getting this thing all trimmed up but I flew it 
quite a bit hands off for just real light touch on the second approach on the SSSA 
system approach . However , on the approach whenever I got turbulence that 
exceeded the capability of the system I had to chase the attitude. Okay , now go 
ahead and finish the remarks on the glideslope thing. When I got to a point where 
I had to take hold and get back to a trim position it was a little shaky , The controls 
are a little heavier and it's a little touchier to control movements and trim. Getting 
it settled back down took a little concentration which was a little bit of an annoyance . 

I flew the localizer with a lot more hands- off; that's what I was talking about on the 
approach after I got set up on the glide path and on the heading. It was a lot easier 
to fly it as long as I was within the trim situation of the airplane and as long as it 
didn't get a bump from turbulence and get out of the trimmed attitude. When I did 
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pitch it that way then I was having a little difficulty getting it back on trim again 
so I could take my hands-off. It was a real nice relaxed approach when it was 
doing its thing;. Except for the turbulence condition. The missed approach straight 
out was a lot -more -comfortable with the system on Gjut then I rotated and got into 
a climb attitude a little, quicker and Mike mentioned' that) . Consequently , I didn’t 
get that sinking feeling so I wasn't playing with the airplane quite so much; 
however , I did notice that when I did that the airspeed was slow and I had to do 
quite a bit of trimming till I got the pitch at a position that it would stay at . In 
other words for 2 or 3 seconds there the nose continued to come up and I didn’t 
have enough trim in and I had to trim quite a bit to finally get it to settle down for 
climb attitude . Once I did that it was all basically light, hands off, for the rest of 
the climbout and it did real well . It has a slight tendency to drift off heading and 
seems to be to the right most of the time and it does have a tendency , if it's 
pitched off its basic attitude, not to come back by itself to that original attitude. 

It's more nose up than it is nose down , Nose down seems to do better than nose up 
coming back. There again I was more familiar with the system at that time and 
basically if you set it up, as long as you don’t get bumped out of it, it does real 
well . Probably the two most annoying things about the system are (1) the extra 
weight on the ailerons when you are making turns or trying to correct headings 
and (2) trying to let the rudder do its own thing. The ball wanted to be out at the 
right side and I put in right rudder and put it to the center and the system would 
push it on out again . I had to get up to a point that I had a lot of rudder pressure. 

A lot more than you would like to have . Like maybe about 40 pounds before I 
could override and keep the ball toward the center without it going ahead and 
pushing its own way out . I got the feeling the system was working against me on 
that . When I turned the rudder loose and just let it do its thing it just went ahead 
and held the heading pretty well and I didn't have to bother. But there was almost 
a full ball out to the right on the rudder . That kind of correlates with what I was 
doing with the vertical S's . I was having to trim in a little bit of right rudder on 
those . I didn't want to do that because I remember Jerry saying that if you don’t 
trim the rudder the system would handle it okay . 

The system was definitely controllable and I didn’t have any trouble with it 
at all . I'd say it was satisfactory (as adequate performance and tolerable pilot 
load) . If you got to a situation where you had to spend an hour in holding pattern 
with the system having as much force as there is on the ailerons you probably 
would get tired of that. I think we can probably move it up into the next category 
without any hesitation. Okay , I think I would have to call it back into the box on 
"improvements” for two things. First of all, it probably could handle the aileron 
situation without quite as much heft on the ailerons . In other words lighter force 
on the ailerons (that would be tiring in a long flight, you would have trouble with 
that) . The second thing would be the rudder system for low power settings 
situation. I don't know, it seems to me to be contrary to basic pilot technique to 
let the ball float out to the side that way and yet when you tried to put it in you 
felt that you wanted to crank in rudder trim . I know now , for a fact , if I crank in 
rudder trim that I am just fighting the system . That is an undesirable trait . 
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I remember Jerry mentioned that saturation thing so I let it do its own thing. 
Another thing Is that pitch trim situation if you get bumped out of the limits of the 
system or if you get bumped out of a particular attitude. I think that I would 
still have to. go along with just the one I had with the basic airplane, "Its designed 
performance requires moderate pilot compensation" . And on this one rudder and 
aileron are a problem. On- the basic ship it’s more pitch. 
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Date: Apr. 9, 1976 

Pilot number: 1 

Pilot rating: 

Slave — 5.0 
Command — 4.0 


Flight: 39 

SSSA mode: Slave/command 
Turbulence level: Light 


Basically , I felt that my original comments from the first flight will apply to 
this flight. On this flight, basically I confirmed what I suspected before but could 
not remember due to devoting most of my attention to flying the airplane . That is 
that with the system slaved it provides or reduces the pitch changes with configura- 
tion quite a bit . It makes glideslope intercept or configuration changes upon inter- 
ception of localizer much easier, and with the system slaved I gained hardly any 
altitude at all . With it unslaved I gained 200 to 300 feet in configuration changes . 

So, in command, stick forces and the configuration changes were much less than in 
the slave position. Heading hold, the maintaining heading maneuver, was essentiallj 
the same as I commented before; in the command mode it was very easy to maintain 
heading in turbulence, required very little pilot attention, the workload was very 
small whereas in the slaved position constant pilot attention was required to main- 
tain heading . Vertical S*s . , This time I trimmed out aileron as suggested by 
Jerry Jenks , whereas before I did not— on the first flight I did not trim out the 
forces. On this flight I did and find that method unacceptable. I found it overall 
more difficult to fly the vertical S's by trimming out the aileron than I did on the 
previous flight when I didn't trim it out . I still maintain my previous position that 
trimming out ailerons with the wheel down there where it is now in the normal posi- 
tion would not be good pilot procedure. Putting the aileron trim on the yoke may 
provide a better response . Now it just takes too much time, particularly where, 
now once you get it trimmed up in the vertical S , you trim the aileron in and trim 
the pitch trim and you are just sitting there adjusting power to maintain your air- 
speed and your rate of climb with the pitch and that is very nice, but it's the transi- 
tion that's the problem. That's what flying is , mostly the transition when you are 
trying to control the airplane rather than the steady state condition, straight and 
level, or turning , or climbing. So I didn't find that satisfactory in the vertical S 
maneuvers , although as I said during the steady state portion in the steady bank, 
steady climb , that it maintained it fairly well and reduced workload during that 
period . The transitioning , you just had your hands full , trimming aileron , trimming 
pitch but even if you put it on the wheel you would have to trim and pitch, trim and 
aileron at the same time in the transition vertical S , changing heading , changing 
pitch and you have no hand left for your throttle. Power is quite, on the vertical S , 
is critical during the transition whether command or slave. ILS, in the slave posi- 
tion again , the heading was slopping all over the place , it was difficult to maintain 
heading , additional workload was created with the airplane because when you put 
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the gear and flaps down or just gear , probably the gear , you get a large change in 
rudder trim which you have to trim out in addition to the other workload. Again, 
as I mentioned before, the large stick forces with configuration changes— putting the 
gear and flaps down— and of course when you have something like this , you get 
vertigo effects on the pilot, like when your pitch is changing radically , trying to 
get it back messes everything up . It's not a favorable aircraft response. Again, 
the basic flaw of the aircraft during the lLS in the slave -mode is wandering in- the- 
heading and the pilot workload to correct the heading, that is high aileron forces 
primarily high aileron forces, rudder isn't too bad. The aileron, you almost have 
to use two hands. 

In the slaved the primary problem was with heading. Go around again you 
have stick forces generated with power application which are fairly significant. 

On the command, it seemed like the ailerons were more sensitive this time. 

I had a slight problem with heading hold like we discussed that was probably 
primarily due to the aileron not trimmed to neutral . I remember after the goaround 
I did trim out some aileron . I noticed that we got into smoother air that the ailerons 
were not trimmed up . Obviously , if I had noticed this on the ILS I would have 
trimmed it , but with the turbulences either I didn't notice that they weren't • 
trimmed or I was not sensitive enough to the situation to recognize it . When you 
have turbulence it is difficult to trim either in pitch or laterally because it is 
difficult with all the turbulence to tell what is going on with everything bouncing 
around like that. This may be a shortcoming in the system . Again in command, 
on the ILS , the pitch changes or stick forces generated with configuration changes 
were negligible and I gained only 50 feet or so as I recall on the interception when 
I put the gear and flaps down . I had more trouble this time with the heading and 
we have discussed the possible cause of that . Goaround , I noticed no problem 
there with the power application or configuration changes on the missed approach. 
Overall rating, I wouldn't change my rating from what it was before which I think 
was a 5 in the slave and a 4 in the command . 
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Date; Mar. 22, 1976 
Pilot number: 1 

Pilot rating: 4 . 0 


Flight: 033 Takeoff: 1240 

SSSA mode: Command, heading 
hold roll on, heading hold yaw on 

Turbulence level: Light to moderate 


I think the most obvious advantage is- that it’s much easier to maintain heading 
in the command mode’. 

I also thought that the ride was much smoother . 

The aileron forces were objectionable in sustained banked turns. 

The pitch transients during configuration changes were reduced. 

Overall, I felt it was much easier to perform the ILS in the command mode, 
with a noticeable lightening of pilot workload . 

Flight test engineer comment: The dutch roll seemed to be much less annoying 
from a passenger standpoint on this ILS approach.' 
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Date: Mar. 22, 1976 
Pilot number: 1 


Flight: 033 
SSSA mode: Slave 


Takeoff: 1240 


Pilot rating: 5.0 Turbulence level: Light to moderate 

The aileron forces were very high. 

The heading was difficult to maintain and it was necessary to use the rudder 
to make small heading changes . 

The pitch transients with configuration changes were very large. 
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Jenks: 

Pilot: 
Jenks; 
Pilot: . 

Jenks: 

Pilot: 

Jenks: 

Pilot: 

Jenks: 

Pilot: 

Jenks: 

Pilot: 

Jenks: 


[The following discussion concerns the same flight . ] 


Here are your comments from the slave mode . I guess really the orlly 
thing I wanted to do is to go through the comments again and see if you 
had any more detail or any more thoughts that may have been generated 
afterwards . The comment here . . . the aileron forces were high . 

Is this particularly objectionable during the vertical S*s themselves? 

Slave , now is that when the system is on? 

No, that’s system off. 

No, it . . .of course when you are doing vertical S there is no aileron 
force . 

Right , just the normal input . 

Just turning, the reason that is in my mind now is that we are doing 
aileron tests for a lot of different airplanes so I am particularly sensitive 
to that particular adverse characteristic . 

On the heading comment down here , the day that you flew this thing do 
you recall what type of turbulence inputs they were? Yesterday we flew 
it and we had a lot of lateral gusts . 

No- He asked me what the turbulence level was and I think I called it 
moderate , but I’m not sure . 

Yes , we’ve got it written down here. Light to moderate . 

You know as if whether they were vertical or lateral gusts. 

'On your comment here that you made your small heading changes with 
rudder , how do you normally do that? Just rudder input then follow 
it with aileron? 

I don’t know really . Maybe you could say primaiTT rudder and secondary 
aileron . Then for very small by the time you throw aileron in it’s too 
late. 

So that would cover pretty much the precision heading task. How about 
the localizer intercept? Did you notice . . . how did you feel about 
the transition to the approach configuration? In other words , gear and 
full flaps and speed reduction? 
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Pilot: This is one fallacy of your test technique . The [inaccuracy in the] first 

approach was probably 70-percent pilot error t straight pilot error. I 
just didn’t execute the approach right, in other words I didn't maintain 
aircraft control . It was just lousy . If you look on the tape where I say 
’’Okay , dummy, do it right this time," you might see a big improvement 
which is not necessarily due to the two systems . I’ll talk about that 
later ► ' ' 

Jenks: The thing we are really looking for right now as our primary data 

source is going to be the subjective comments and the quantitative data 
that goes along with it is going to be a supportive sort of thing. In some 
instances, in our data analysis we. might be coming along and taking the 
data and trying to support what the subjective comment was and then 
in another instance we' might turn around and say well, no, in this 
instance it is detracting and that sort of thing . So, our real assessment 
as to the improvement in this system isn’t necessarily going to be 
generated just from the performance itself . 

Pilot: As I recall there was a lot of pitch change with gear and flaps Intercepting 

the localizer , which added to the difficulty . As I told -Rick, I was trying 
to think after I had the system on whether it was any better . I think I 
told him it was probably better but I just can't remember specifics— 

• whether it was 5 better or 10 better— because I was primarily flying the 
airplane . Pilots , having a problem with ego , you try to fly the airplane 
and do a good, job. When it is new your mind is only keyed to one thing 
rather than somebody who had a lot of time in the airplane , he could . . 

he is not paying attention to flying the airplane ... I just can’t 
remember , but I do remember that the very last approach I made with 
. the thing in the command mode was much easier and so undoubtedly 
there was less pitch change due to gear and flaps. If I fly it again, 
being more used to everything I can devote more of my time to feeling 
forces and my mind won’t be 100 percent occupied with trying to fly 
the airplane . < ' 

Jenks; It is valuable to find out what the learning curve is on the control system 
because it is somewhat different and we can’t deny that so it seems like 
there are two barriers that we have to get through . The first barrier 
is just as you say, familiarity with the airplane in general, whether it 
is slave or command , just location of throttles and power response, 
pitch response and things like that. Then we have to get through the 
barrier of the -difference of the two -control techniques. That is what we 
hope to do by being able to get another flight and possibly even at a, 
higher level of turbulence . Yours I know was at fairly low level of 
turbulence today. During the ILS approach itself in the slave mode, 

•did you have . . . could you perceive any problems with maintaining 
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Pilot: 

Jenks: 

Pilot: 

Jenks; 

Pilot: 

Jenks: 

Pilot: 

Jenks: 

Pilot: 


the glideslope , good glideslope track, in other words being able to set 
up a good positive . . ♦ 

It was practically nonexistent the first time. Probably no more than I 
normally have , considering I was flying a new airplane . 

Then the goaround , the thing we were looking for there, of course, 
was a look at the pitch transients due to configuration changes due to 
the power , gear and flaps . 

I don’t remember anything about that . 

The rating at that time for the basic airplane was a 5; and the rating 
of 5 says moderately objectionable shortcomings for aircraft character- 
istics and adequate performance requires considerable pilot compensa- 
tion. One of the things you might consider is the difference between a 
4 and a 5— minor but annoying shortcomings versus moderately 
objectionable shortcomings. Can you be specific? Have you thought 
about it enough or do you have anything specific that you recall that 
would differentiate it between a 4 and a 5? 

-In the 5 , in the basic airplane , it was just sloppy. It just wallows 
around like a big moose or an elephant or something. It was difficult to 
hold heading, aileron forces were high, just based on the ideal airplane 
it was just crummy. Now then when you flip your system on and the 
one reason, the only reason I rated it to be 4 was that it relieved the 
pilot load, particularly in turbulence, of maintaining heading, which 
was bad in the basic configuration. Because the pseudo autopilot 
effect of returning it back to neutral was a significant improvement on 
heading hold . 

Made the cross check a little less critical . 

If the turbulence knocks you off, the system brings you back . I thought 
it was significant enough to increase the rating . Now , for the ideal 
airplane the aileron forces are still too high and this I'm sure could be 
corrected . As it stands now . . . 

I 

Yes , that's precisely what we want to do . We want to rate this airplane 
as it stands . 

The aileron forces are much too high. You can do it with one hand but 
it's tiring. 
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Jenks: 


The one thing that we didn't do with any of you ^ys was to actually 
talk about any of the control techniques , this is in the command mode 
itself, and that was different than what we did yesterday with Phil. 

What we did yesterday during the familiarization flight was to actually 
talk about techniques because it seemed that we did indeed have a 
technique problem where things were simplified with technique. Yes, 
even more specifically -than that , yesterday we pointed out to- P-hil -that 
if he desired he could use the pilot's trim for bank angle . Then you 
don't have to hold the force. You can just crank it off to the bank that 
you want and let her set. The other thing that seemed helpful, to Phil, 
anyway , was that again in the command mode, my perception of the 
control system has been that it tends to decouple the pitch axis . What 
it does is to give you throttle for speed control and give you trim for 
altitude control . It effectively decouples the two . In other words you 
can for a fairly long period of time"^4, 5, 6 or maybe 10 seconds you 
can make power changes and not change the vertical descent. Whereas 
in the basic airplane , the minute you make a power change you 
immediately get a pitch transient, which means you have to get an^ 
immediate trim change , and that immediately causes a descent . With 
the system the only descent change you get is due to the fact that when 
you shove the power up you go faster and it . . . The descent rate is 
just the sin of the descent angle — sin of gamma times the velocity so 
that effectively decouples for a long period of time . That proved helpful 
to Phil so we hope to be able to point all those things out on your next 
flight so you might get a little more familiarity . ■ Now these are just the 
comments then on the command mode . The most obvious advantage is 
that it is much easier to maintain heading in the command mode, also 
the ride was much smoother . Where did ypu perceive the ride's being 
smoother? Was it in the lateral response or in the g response, the z type 
response do you think? ■ 

* 

Pilot: I, would probably think it ‘would be the lateral response, although I 

really can't distinguish between the two, I just felt that the airplane 
seemed to ride smoother, at least in the pilot's compartment. 

Jenks: I have .perceived the same type of feeling . Looking out in front of the 

airplane it is not uncommon to see a gust hit you and hit two complete 
overshoots with the nose , with the system off. However with the 
system -on you just see the initial gust input and bang . . . We have 

already talked about the aileron forces' being olDjectionable in a 
sustained bank . The pitch transients during configuration change were 
reduced . I guess in the vertical S maneuvers , jwe want to bai^ up here 
a little bit ... In the vertical S maneuvers with the system in 
command , yesterday when we were talking with Phil , his initial 
perception was flying the vertical S system on and system off he didn't 
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feel that there was much improvement and that was when we got into 
this discussion about the technique of using throttle for speed control 
and trim for pitch control for h control and we fooled around with it 
some more and it completely changed his opinion. He said, oh, ^ 
what you mean , that works much better . Then he said he thought the 
system was quite impressive in the vertical S , Pm not trying to 
influence you or change your comment. The thing I am trying to do is 
see if you encountered the same thing. In other words, you may have 
had a more conventional airplane sort of technique, where you were ^ 
shoving the throttle and pulling back on the yoke or trimming something 
in . 

Pilot: When I did them I really couldn't tell the difference in doing the two 

maneuvers . But when I was doing them they said don't worry about 
airspeed. That's vertical S's, that part of it, airspeed and then towards 
the end I was kind of doing it myself but I wasn't required to maintain 
a constant airspeed. That relieves your workload 50 percent. Just 
let that airspeed slop around wherever it wants to within reason. I 
had a constant power setting . I set one for climb and he said that was 
about right for descent and I would pull it back for the descent. 

Jenks; What type of airspeed deviations do you think you encountered? 

Pilot; Twenty knots at least. One hundred fifty maybe, I mean 20 total. When 
I was climbing , it may have gone from 155 down to 140 . Some of the^ 
last ones I tried to do the way I preferred to. I was fiddling more with 
the power . . . The way I did them I couldn't really tell much differ- 
ence between the two systems • 

Jenks: In the unaugmented airplane did you do the same thing? Did you fly 

the slave airplane the same way as far as airspeed was concerned. 

Pilot: Yes . 

Jenks: Aileron forces objectionable in sustained bank turns, pitch transients 

during configuration changes were reduced. That is more or less the 
comment you probably had on the localizer intercept. It was undoubtedly 
reduced but you couldn’t really feel it . How about on the ILS itself? 

Did you detect any improvement in the pitch trim response at all there . 
Did you ever reach a point on the ILS where you felt you had the airplane 
trimmed up and locked on to the localizer? Where you could take your 
hands off? 

Pilot: Just about through all of them . But as far as breaking it down into that 

much detail, I couldn't make any comments other than what I made before 
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in that the last u.fc> Qtne lourin one, xourm luiai, xii uie cunnuanta hlkjkx^j 
seemed to be much much easier than any of the others. Of course 
you’ve got a learning curve there. But even so it can't be all learning 
curve. There is some difference in the two modes . It can be pitch# 
heading, all combined in there, and power response. I'm- sure. 

Jenks: - , -The thing is., you .see., 'all the data we're taking is being compared, not 
just your data but also the data of eve:^body else . Everybody who is 
evaluating the airplane is basically being subjected to the same profile. 
They are experiencing the same learning curve process , in other words 
they are getting through familiarity with the airplane and the profile 
and stuff like that such that we can to a certain extent normalize it so 
the thing we are going to say is if you perceived a bigger improvement 
than someone else or the same delta then we have to conclude then that 
perhaps that we are gaining some advantage from the control system . 

How about the missed approach , the goaround? Any additional comments 
on that? 

Pilot: No, I can’t . . . there again you are talking about power and pitch 

response and I don't remember . 

Jenks: So, the overall rating was a 4, the minor but annoying shortcomings, 

I think you have already mentioned that is probably the aileron forces . 
Do you think . . . How do you think your opinion would be changed 
if you consistently used, the trim knob? 

Pilot:, I wouldn't do that . I don.'t like that . Pitch is fine , trim is fine in pitch 

but not in bank. In the normal turns you make' it's . . . If I understand 

the system right, if you trim it into a bank, you've got to untrim it 
when you. roll out , although you could override -it . It's not a satisfactory 
method ... i 

Jenks: How would you feel about it if you had an electric trim, a coolie hat trim 

on the wheel for ailerons?' 

Pilot: ' I don't know . It might, I would say I still wouldn't do it. But here you 
have ingrained habits just like going from a stick to a wrist control . 

I know I'll never like that. You -don't really know until you try it , 

Jenks: Do you feel that way because you feel it's unsafe to be trimmed into- a 

, bank? 

Pilot: Yes , that’s probably got something to do with it. If you are turning., the 

pilot more likely needs to change direction rather than pitch as- you are 
maneuvering, say to get out of somebody's way or to change headings 
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from command on the ground or wherever you are going. Bank is 
probably more than pitch, I just like to be in control of it all the time 
and to be able to put my own yanking and banking in there . If you had 
one conveniently on the stick where you just flip the thumb , it might 
be satisfactory . To move your hand down and crank a wheel ... I 
might try it next time just to see . 

Jenks: It's pretty close in convenience, it doesn’t take too many turns , It goes 

1,2,3 and you’re at a 30® bank turn, about 10® a wrist flip . 

Pilot: If you are right handed most pilots fly with their right hands , it means 

this business . . . 

Jenks: I normally fly with the left because I have my right over on the throttle. 

Except during takeoff or something like that . Then I normally fly with 
two hands . 

Pilot: That airplane you've got to fly with two hands . 

Jenks: Did you notice any problems with the control sensitivity in the ailerons? 

Did you find it difficult to fly in a banked turn or did you find yourself 
giving the Pl6 to the airplane? 

Pilot: There was probably a little sensitivity but I didn't find it objectionable. 

You could tell it was . . . 

Jenks: Probably initially- when you first started. 

Pilot: It wasn't nearly as bad as a T-33 for example . But it was no problem. 

If you put somebody in a T-33 the first time he couldn't fly it, probably . 
This one you could tell was sensitive but it was no problem . 
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Date: Apr. 1, 1976 
Pilot number: 3 


Flight: 036 

SSSA mode: Sla-ve/eommand 

Pilot rating: Turbulence level: Occasional light 

Slave — 4.0 
Command — 2.0 


Pilot: . . . Tuck to transition smoothly in pitch during the vertical S's, that 

was in the command mode . 

The whole thing as we all know is modified by the fact that I’ve been 
flying a straight airplane all my life , so I am a little more adept at ^ 
making it smooth than I would be with the new system . From the first 
time I flew it, which was a couple of weeks ago, I had the same problem 
with the slave mode— holding the aileron— and I don't like that. 

Jenks: With the control system in command? 

Pilot: Right, command and holding the ailerons in the vertical S can be a real 

pain . For two reasons - (1) It's pressure you have to hold in but (2) it's 
difficult to hold the same amount of pressure for a length of time . 
Consequently your accuracy is degraded . So with the suggestion of 
trimming it out, once I had it in it was like an autopilot. That was good. 
So that just gives basis to my original suggestion of the electric coolie 
hat trim . Because if you can electrically trim that would be fine , The 
real problem though is if you, try to do it manually . It's when you're 
transitioning from a right turn to a left turn or from the ILS to a goaround 
or something, you have a lot to do without having to sit down and 
manually trim an aileron . That could really be a hazard if you had it 
manually but with an electric trim that would all take care of itself and 
that could be a real nice system . There was a very distinct advantage 
once I got it trimmed up, but the transition into it was somewhat 
awkward due to the lack of the electric trim. The straight airplane is 
fairly stable to start with, so once I got it into the maneuver without the 
command system it still held it pretty well, but I had to monitor it more 
than I did the command system once I got it trimmed, but without the 
trim I had to have a bunch of force on the aileron. You could trim the 
pitch but I could trim the, pitch in the straight airplane too . So without 
the electric trim it was an inferior system to the straight airplane . 

W-ith it trimmed up though it was a better system than the straight 
airplane . 
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Jenks: How about the transitioning’ on the bottom and the top of your vertical S . 

Did you notice any difference there between the basic and the . . . 

Pilot: No , not really . I normally trim an airplane with the button anyway and 

so it really doesn't make that much difference to me . Other than the fact 
that we noted on the way home that if I was trimming a straight airplane 
1 would hold the wheel to where I wanted it and trim off the pressure 
whereas on this system it is difficult to do that so you just more or less 
trim it with the button and it seems to set up an oscillation that is 
damped out very rapidly but especially on a long fuselage such as the 
99 the guy in the back seat would really feel it, which obviously wouldn't 
work for an air carrier because he would get everybody sick in the 
back. 

Jenks: How about turbulence today? 

Pilot: [While] we were doing the vertical S's it was smooth. [When] we got 

down below about 4 , 500 feet we started getting into the haze layer or 
the inversion layer , and it started getting bumpy , but really I noticed 
it when we started into it but I didn't really notice it on . ... I would 

have to say light would be the overall . . . 

Jenks: Light turbulence is turbulence that momentarily causes slight erratic 

changes in altitude and/or attitude. Light turbulence as opposed to 
chop , which is usually considered the bumpy road sort of criteria . 

Pilot: Not for the whole flight , though . Just in the lower realm . 

Jenks: At the higher altitudes , during the vertical S maneuvers, then we're 

talking about smooth , and at the lower altitudes where we did the 
precision heading and the rest of the profiles then we are talking about 
light turbulence . 

How about the reporting term, occasional, intermittent, or continuous. 
Occasional is less than a third of the time, intermittent is one-third to 
two-thirds , and continuous is more than two-thirds . 

Pilot: Well, I would have to say occasional, because I didn't really consciously 

think about that. Once I got on the ILS I was more concerned about the 
wind shear that we got in a little bit close than I was about the turbu- 
lence . I didn't think we were bouncing, around that much . 

Jenks; So smooth and occasional light? 

Pilot: Yes . 
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Jenks: How about the precision heading task with the basic airplane? 

Pilot: In theory, the command should be a whole lot better and in past experi- 

ence it was „but today it didn't seem to be. On the ILS it was but nbt. 
on the precision heading, but I can't explain why because it should be 
like an -autopilot. Today I held, I think the tapes will prove me out, I 
held my heading better, raw data, than r did' with the command system, 
but I cannot explain why . 

Jenks: Do you recall any change in technique or anything at this time? 

Pilot: No. The one thing that wasn't on the tape, where it was really the worst, 

was in that descent, but we were descending on the straight airplane. 
Before , I might have gotten a couple of degrees off but I don't think I 
got more than 2° or 3° off. Where this one I looked down and I was 10® 
off.- So I don't know how to explain that. Just from my knowledge of 
what I've flown in the past, I would have to give the command system 
the nod on precision , because it tends to hold like an autopilot and you 
can direct your attention to other areas . You don't really have to stay 
on top of it as you might. But, again, the airplane is fairly stable, so 
we don't have too much trouble even with a straight airplane if you 
have it trimmed up . 

Jenks: How about the localizer intercept? 

Pilot; Today , I noticed a lot bigger change than I did the last time I flew it. 

I wasn't all that aware of it when we were flying a straight airplane. 

I overshot the localizer a little bit'. I thought d was in closer than I 
was and I took a little bit bigger heading just to get back on it and then 

1 didn't quite catch it . I think I was on it by the time I got to the marker 
okay . But I noticed that my altitude varied probably 200 feet . We 
entered at about 3,000 and I think it got as low as 2,800 maybe 2,750 at 
the lowest. So what’s 200 feet, no big deal, but it wasn't as precise 

as I think the tapes will show that I was on the command because the 
command held the altitude almost perfectly and I was able to monitor 
the airspeed and the heading much closer . Consequently , I was on the 
localizer- within . . . my heading went through the localizer course 

inbound . 1 think it went to 090 . . . and the inbound is 129 but the^ 

course only overshot maybe half a needle. By the time I started coming 
back I was into a 30® angle bank the other way and I really locked it on 
right there . I was on it pretty much the rest of the way in so that was 
a great advantage. I'm not sure why I didn't notice that when I flew it 

2 weeks ago but I didn't. I couldn't tell any difference. Today , I 
noticed a distinct difference. I noticed a good difference on the ILS too. 

I set up that rate of descent. And I set up the heading and it was almost 
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like an autopilot approach . I think the tapes will show I was a lot closer 
to the localizer on the second approach than I was on the first. We did 
have some kind of wind shear out there which played a little havoc with 
my first approach. I didn't notice it as much on the second, hut it might 
have been that I was chasing the needle more and I just didn't ... I 
don't think I got more than half a needle without on the first approach 
either . The fact of the matter is that my workload was a little higher on 
the straight airplane. Getting back to the vertical S's, my airspeed 
control was much better on the vertical S with the command system 
trimmed . The aileron trim I could almost go hands off and I was pegging 
everything right where I wanted it, whereas on the straight airplane I 
had trouble maintaining the airspeed . I was getting the rate of descent 
and the standard rate turn but I wasn't maintaining the airspeed as 
well. On the other when I was not trimming out the aileron I had as 
much trouble as I did with the straight airplane, but once I got the 
aileron trimmed out it really held the profile better . That would be an 
advantage there too . After the ILS and into the goaround the same thing 
applies although I was a little more aware of the airplane this time than 
I was last , as you know I don't have any time in a 99 other than in this 
program. The first time I flew the profile, 2 weeks ago, I was surprised 
how much trim it took to change from a descending ILS attitude to a 
climbing out, missed approached attitude. What happened there was I 
gave it the power, gear and flaps up and gave it a bunch of trim 
forgetting that the 99 and our 100 models are quite similar. It takes a 
lot of trim just to take care of the gear and the flaps and I found that I 
was in accelerating level flight but I wasn't climbing . This time I was 
aware of that and I was monitoring closer and I put in enough trim to 
get me climbing , but I did have to put in a bunch of trim . Whereas with 
the command system it takes care of your gear and flaps automatically . 

Any trim that you add is actually climb trim , and that is a big advantage 
for somebody that has a heavy workload-. I figure probably some acci- 
dents are caused where the guy thinks he is climbing where he really 
isn't. There is such a big change, especially in that airplane, there is 
such a drastic change from full flaps to climbout . Probably 6° or 7° in 
trim , I would imagine . 

Jenks: We have measured the force— it is around 65 pounds. It is the trim 

change force on the elevator . 

4 

Pilot: I don't doubt it . This is the worst airplane we make for that . Out of 200, 

you probably won't find 10 pounds of change if it's 65 on the other because 
it’s about that much better. It's overpowered, too, so when you get all 
the power going you are climbing whether you've got everything down 
or not. So that would make a difference too, and we were grossed out 
today too, which would have another effect. I would have to give the 
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command, system the nod again on the goanound . The climbing out and 
the precision heading again would he the same as my other comments . 

Jenks: Why don't we walk through the basic airplane then . As I say , I think 

■jjjg here is not to feel compelled at all to come up with the reading 
that you came up with the last time. Again, we are evaluating this 
airplane on this day based upon your own perceptions today . So, the 
first question of course is, is it controllable? 

Pilot: Obviously , it is . 

Jenks: Is adequate performance attainable with a tolerable pilot workload?' 

Pilot: I think so . 

Jenks: Is it satisfactory without improvement? 

Pilot: Yes, I would have to say the straight airplane probably is satisfactory 

without improvement , although certain things like trim change and so 
on , I don't know what you would do to change that . It would be nice 
if we didn't have such a big trim change . 

Jenks: This question always seems to present some difficulty when you get to 

this point , so lot^s jnst kind, of ignoro this for thG moniGnt and. look 3.t 
aircraft characteristics and the demands on the pilot . If you had 
answered that question no, obviously for aircraft characteristics at 
the top of that block is minor but annoying shortcomings. Middle is 
moderately objectionable shortcomings, very objectionable but tolerable 
shortcomings . We are referencing this thing to the amount of workload 
that you as a pilot, today, under these conditions could actually 
tolerate. We are saying that at the top of the block— of course, desired 
performance requires moderate pilot compensation versus considerable 
versus extensive. 

Pilot: We are also doing it for the whole flight, not just one . . . 

Jenks: That's right. That's the entire profile of the entire mission. This is 

supposed to be indicative of possibly a cruise portion followed by 
vectors to a descending altitude followed by approach giving the ^ 
vectors to the localizer and missed approach. We are indeed talking 
about the entire profile . 

Pilot: Trim changes would be , especially since the command system is so 

much better than the aileron , and the other thing is the rudder on the 
command system chases the ball, it seems like a little bit and that's 



somewhat aggravating . Especially if you have been taught all your life 
that the ball ought to be in the center . You try to do that and it's all 
over . I would have to say minor but annoying shortcomings for the 
straight airplane , which is about a 4 . 

Jenks: Now for the modified airplane . 

Pilot: For this airplane without the electric trim I say it would be almost 

objectionable shortcomings in a turn— you know, the vertical S maneu- 
ver and so on . When you once get it straightened out like in localizer 
approach or precision heading or something like that, then that 
portion would be eliminated because it holds it well . 

Jenks: You are saying that the aileron forces, if you have to hold them, during 

any period are very objectionable . . . 

Pilot: Yes , almost objectionable, but tolerable. About a number 6. If you can 

trim those out where those aren't a factor any more, you increase the 
system completely as far as I am concerned and almost get it up into 
good but negligible— 2 . I think it would change it that much because 
for somebody , especially somebody that is used to a straight airplane 
where you can put it in , take out the forces , and it’s there and then you 
get in there and have to hold it in there it's aggravating and also after a 
while you forget about it and if you have another workload , taking a 
clearance or changing a radio , in the meantime your standard rate turn 
has gone to pot. So, I think that would be objectionable, tolerable 
shortcoming, but if you can trim it out I say the airplane is probably 
good with negligible detractors because everything else, the localizer, 
monitoring the altitude while you are changing your heading and so , the 
goaround, heading hold, all those would be good characteristics that 
would pan out but that one shortcoming, obviously it seems like it could 
be changed without too much trouble . 

Jenks: So we are talking about a 2 then with the stipulations that we have 

already talked about . 
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Date: Mar. 30, 1976 

Pilot number: 4 

Pilot rating: 

Slave - 4.5 
Command —3.0 


Flight: 4 

SSSA mode: Slave/ command 

Turbulence level: Intermittent 
moderate 


Pilot: I wasn’t fully aware of the function of the controls with the system on 

as in relation to the basic control of the aircraft. In essence I was 
utilizing them in combination as always , but still in more or less the 
same manner in which I would use the controls if the system weren't 
on. In other words , in a conventional airplane rate command sort of 
way . I'm talking principally about pitch axis because roll axis was^ 
an axis which I largely ignored other than occasionally cross scanning 
the attitude gyro to see that I had about the right bank angle. That 
axis I really short changed and didn't make a real tight closure on that 
at all . We are talking mainly about pitch . My initial comments with the 
gyst 0 jn off were based on a technique which is relatively conv^entional, 
and once we had the discussion about the throttle being principally a 
controller of airspeed and elevator being principally a controller of h, 
things fell into place . However , along with that philosophy of control 
usage it is extremely important to combine timely use of the trim system 
to control the elevator , because without timely use of the toim system 
even with the proper manipulation of the controls in relation to n and 
speed ... I think it would be less effective , much less pleasing, if 
we didn't use the trim system when it was appropriate in timely fashion. 

Jenks: Timely , meaning getting input in rapidly enough as opposed to delaying 

for some time and then . . . 

if 

Pilot: What I'm talking about really is minimizing yoke force in the elevator 

shaft. Because the force gradient is I think unacceptably high. I think 
the thing that makes the system acceptable is the fact that you have a 
trim system . I think it would be much nicer if you didn't have to trim 
so often . If the gradient were lower and didn't require the use of the 
trim so often but the trim , as long as you know to use it, it's still 
reasonably nice. I think an incremental improvement would be to lower 
the gradient, but I realize that you have other problems. 

Jenks: ' The thing is , we can do that quite simply . That's not that big a^ deal. 

We can get it to the point where even with the existing system right now 
without making any modifications to the system!, we can change that 
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Pilot; 

Jenks: 

Pilot: 


Jenks; 

Pilot: 


digital clock and optimize for the pitch trim response and also get the 
static longitudinal stability back down to a more nominal level. So that 
is possible . 

Forewarning to use the pitch trim immediately upon initiating or 
realizing that you are going to initiate elevator position movement takes 
care of the problem . It’s something you have to be forewarned about 
and you have to do it a couple of times just to make sure that it becomes 
second nature . Do that whenever you want to move the elevator . 

I think that is probably the reason that I haven’t appreciated the problem 
very much. I've gotten to the point where when I want a new attitude 
I don’t even pull on the yoke , I just hit the trim . 

That’s how I was flying the airplane later on in the day , since I 
normally like to fly an airplane that way anyway if it has an electric 
trim . Normally , meaning if it works out well , and if I don't excite the 
phugoid or something like that. For instance that’s a good way to fly 
the F-4 and P-8 airplanes, especially if you are trying to be a smooth 
formation lead . Fly it with trim . I am accustomed to doing that . I like 
to do it that way . I didn’t object particularly to flying it to trim . It is 
just a matter of realizing by trial and error procedures that you do in 
fact have to do it that way . The previous undesirable comments were 
based on first of all and primarily on flying the airplane by trying to 
control speed principally through elevator position and principally 
through throttle manipulation. Of course, there is always a mixture 
of the two , but those are the principal techniques I was using to start 
with . Then when I changed they changed . They became more accurate 
and ... I was using the . . . My performance was better. It was 

significantly better with even less workload than before. I was trying 
as hard as I could . 

This is going to be the evaluation in the. slave mode and we have already 
talked quite extensively about the vertical S's and . . . 

t ; 

I wanted to say a few more things about the recorded runs we made after 
you left the airplane . On the first several runs , what I am essentially 
saying , task 1 , the vertical S maneuver , there was a lot of degrading 
in performance due to the fact that I was wearing the glasses and the 
sun was coming through the windshield and hitting the glasses . It was 
extremely difficult to see . Later on I realized that, there was a sun visor 
up there. I realized what the problem was and I put the visor in between 
myself and the glass but your visual acuity was just miserable . It was 
very difficult to see things and it definitely detracted from performance. 
It was just hard to read the gauges , You couldn't see them peripherally 
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well at all . So my performance was very much worse than it had been 
when I had been flying without them even though when I^was flying 
without them I had been ignoring the horizon . The conditions as far as 
having a horizon were for all intents and purposes the same but 1 had a 
lot better ... I could see the Instruments themselves much much 
^ The performance on the vertical S maneuver » the first run 
especially , ’was very very- poor . I had -a- vei?y high workload on that 
task , but in spite of that , in spite of all the effort I put into it , I found ^ 
it difficult to perform the^ task accurately . In fact, [I found it] impossible 
to perform it very accurately . I was generally very dissatisfied with 
the performance . I did it quite a few times . I probably have about 
8 or 9 180° turns because I wanted to continue and see if I could dampen 
out those deviations. Especially when I first put on the glasses, that 
screwed things up . I had some real bad turns . I was working very 
hard and there were a lot of upsets from the turbulence that were 
causing me to work ... a lot of pitch upsets that were disturbing me. 

I was getting speed fluctuations of il5 knots . I just couldn t get things 
squared away very well. In spite of all the work and- along with the 
pitch upsets . • . there was a lot of thermal activity . I was getting 

extreme deviations on h too . I was working real hard and I let 3 ? 
entirely on that one . I think that at some time I was probably in 30° to 
32° of bank, sometimes I was in a 15° bank because I was trying to 
close the loop tighter on* h control and speed . With the system on it was 
much much much better. It was very . . . we. will come back fo that. 

I want to go into the heading maneuver. On this task I was getting . . . 
I found that I was able to hold heading at about ±4° and there were 
frequent deviations , right and left . I could correct them but in just a 
few moments , it was just a matter of a few seconds , I would have an 
upset that would send me back off . . . 

t 

Jenks: I noticed today that it seemed the turbulence , the nature of the turbu- 

lence was getting a lot of yaw inputs , predominantly a roll but 
occasionally we would get a yaw input . 

Pilot; Right , I was getting some yaw inputs up there too . That is about all I 
have to say on that . I characterized my level of effort as moderate in 
terms of frequency with which I had to be active in the loop . I would 
guess there were periods of 2 or 3 seconds where I was completely 
inactive. Then the upset . . . there was nothing I could do to compen- 

sate for the upset, really , while it was going on. It was a fairly quick 
event in periods of time , . It would just be a matter of flying the airplane 
back to the right heading. In a period in which again it was relatively 
quick as. a matter of having a sequence of steps, or squarewave where 
every now and then you would get just the top of the squarewave . . . 

nothing and then all of a .sudden an input, short duration input then 
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another one later on . That is about all I hav e to say right now about 
precision heading . On the intercept . . .the intercept task which 1 
flew without the system was the last of two approaches. It so happened 
that my technique in flying it was different and the results were better. 
Namely, as soon as the needle started to move 1 used about 45° or 50° of 
bank , which produced less overshoot . I had the gear down a little bit 
sooner and the flaps down a little bit sooner and I got steady on the 
localizer much earlier but it was not so much due to the fact that I didn’t 
have the system on , it was just a matter of the initial procedure when 
the needle started to move and I don’t think it is significant in terms of 
system characteristics . It is only significant in the fact that I happened 
to make a better initial guess where to start and what to do . ' It would 
have been a little bit extreme for most people's liking and on the other 
hand a 90° intercept I guess depends on how far out you are . I would 
do it right away if I were the only one in the airplane • I wouldn’t do it 
that way if I had somebody on board because I would be trying to make 
a more gradual smoother procedure out of it. So, anyway , the localizer 
performance with the system off is going to look better because I just 
happened to do the right thing that time and got squared away on the 
localizer . 

Jenks: How did you feel about the workload during the transition? Did you 

notice the pitch transients with gear and flaps and power? 

Pilot*. With me the transition is kind of an open loop procedure where you 
make the turn and you drop the gear and you drop the flaps and you 
put the power up . I already had approximate numbers for the power 
and it just turned out about right. While these things are going on 
simultaneously I am not doing much of anything except trying to control 
altitude in a gross sense . If you change to 75 feet, it doesn’t bother too 
much and of course the flaps coming down and everything it could very 
well happen . I think again in this case I probably had a better transi- 
tion too with the system off than with the system on. But again I don’t 
know without doing it a number of times, just doing the transition 
itself with configuration change and the turn and the intercept and 
altitude control I don’t know , I can’t tell that the system’s being off or 
on was particularly significant . Again I feel it is kind of like an open 
loop task where i just throw everything down and I wait to see what 
happens. I’m not really active here particularly . And everything I 
do is a guess, not everything, but things are largely a guess or maybe 
they are coming through at a lower level in terms of accelerations . . . 

When I feel a heave my natural tendency is to start trimming forward 
because I know that I’m ballooning, I know I’m gaining altitude. I do 
that regardless of whether the system is on or off, I think. I was flying 
the system later on in the flight , in fact once I started using the trim I 
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Jenks: 


Pilot: 


used it in both configurations pretty consistently rather thp moving 
the wheel. I moved it with the trim to . . . Because that is the way 

I normally fly an airplane . I don't know if that was the intent or not 
but I guess you want whatever techniques seem to be . • ♦ 


That's right . We haven't been dictating at all because we didn't want 
to cause any greater' deviations than- we -had -to- from the guy s.,nor.m 
.techniques . If the guy is accustomed to poking in elevator then we 
wanted to see what -the effects were. I think that is valuable sort of data 
that if a control system like this is indeed implemented the guys that 
fly with a lot of elevator may indeed have some trouble . 


That's what I did so I was. about equally active . - . but when I felt 
I needed to move the elevator I normally did it by use of the trim . The 
approach itself with the system off was probably , the performance might 
be a little better for maybe the first two-thirds of it because again I did 
have an easier task and my overshoot wasn't so much. I would guess 
maybe at least in pitch attitude I was working a little bit harder than I 
was later on. I found it to be . . . there was some thermal activity 

that caused some pretty significant deviations during the approach and 
required let's say a moderate to high level of activity in terms of control 
inputs . 'On the goaround,, again that was pretty much an open loop type 
task to me. Open loop in this respect has a limit on the amount of power 
I could use . The gear was going to come -up.. There is no bank input 
particularly necessary. Again I considered it more or ^ss a loop 
maneuver and I know what the maximum torque is , the flaps coming- up , 
the gear coming up , the. only task that ! really have is to try to stay in 
sufficiently above VMC and try to maintain a positive rate ot climb . i 
really needed to do, to sort of separate things out on this goaround, I 
should have done probably two or three or four of them just as I should 
have done two or three or four localizer intercepts by themselves to 
look at them because there was lot going on in a hurry there i One oi 
the things that is disconcerting about the system off goaround is the 
great pitch change when you bring the- flaps up. It is hard to keep your 
positive rate of climb . It requires a concerted 'effort . Not being 
familiar with the rate of flap retraction , it came as a little bit of a 
surprise to me each time -how much I had to pull back and how much I 
had to really get on the trim . I was anticipating it. It was a high work- 
load task in that there was an amount of stress that was associated 
merely with an unanticip.ated pull force, a combination of a pull force 
sort of lack of the body cues that sense that you are in fact climbing , 
that you are transitioning to a climb and then the altimeter confirmed 
that in both cases or in case of the system off first, I didn't lose any 
altitude but I sure didn't gain much. That bothered me a little bit 
because I like to be able to power up there and set up the gear and 
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thing . It bothered me a little bit because I like to be able to have a little 
more positive missed approach profile in that . • . 

Jenks: Ten degrees up and positive climb? 

Pilot; It was not a positive climb for some period of time and due largely to 

the fact the flap retraction was something I didn’t really anticipate very 
well and I was concerned about decelerating too because in the full 
flaps configuration even when you pull the gear up, even when you go 
up to 1,250 torque you aren't climbing a whole lot.^ And the airspeed is 
still bleeding off and it is not real ... I think it is something that 
you need to go out and be able to have a sense for in terms of time of 
control manipulation so you can do an open loop relatively open loop 
and have good results . 

Jenks; I think one thing you said here is real consistent with the comment you 
made with the vertical S maneuvers . You said that you found that it 
was very important to be very timely with the trim . I think because 
you recognized this you didn't feel the most drastic effects that could 
have occurred in the goaround on the basic airplane because I found 
that if you don’t get right on the trim, and I assume that is probably 
the technique you used . ♦ . In other words, when you start 
trimming or when you start changing configuration on the trim , if you 
delay that just a little bit, if you try to use the elevator in order to hold 
the attitude then the system gets away from you . Even by the time you 
get to the point when you say , oh , I need some trim , you are still 
sitting there with 50 pounds of force on the wheel trying to trim it off. 

I feel that I've noticed that with some of the goarounds that I . . . 

Pilot: I wasn't as timely on the trims or configuration changes as I was on the 

S maneuvers because I practiced the S maneuvers much much more than 
I practiced the goaround maneuvers . I really didn't have it figured out . 
The forces did build up each time on the goaround maneuver to an 
uncomfortable point which to me I noted as gut feeling, I'm really 
working, it got a -lot of my attention . Because of the fact that I don't like 
■ to fly with a lot of control force on the controls, I have to have it 
trimmed up . 

My reaction to this [turbulence rating] chart is that it depends on 
wind load. You were talking about airspeed. I would say judging 
from this , call it moderate. Food service and walking would be difficult 
if you were in the airplane , there is no jdoubt about that . What I was, 
noticing principally was the airspeed changes. You were getting air- 
speed fluctuations at times in the neighborhood of ±4 or 5 knots . We 
were definitely getting attitude and altitude changes; especially after 
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you get out and you start operating over there, there was a good hit of 
heaving in the airplane in the thermal activity . 

Jenks: Consider it turbulence as opposed to chop? 

Pilot: Yes , I would say turbulence opposed to chop . 

Jenks: How about the reporting term? Occasional, intermittent, or continuous? 

Pilot: It was not continuous . I would say it was intermittent. It weighted 

toward the high end of intermittent . 

Jenks: We are going to evaluate the control system, starting with the vertical S . 

Pilot: With the system on I got much better , with an exclamation mark. I 

flew it without using the aileron trim wheel. I can't say that with the 
blue glasses on, and I was probably trying a little bit harder, I can't 
say that I could ignore the control force, the lateral force. Especially 
when I was making a left input just the geometry of the situation was 
such that it was more uncomfortable for me to hold a sustained force at 
the left the way my arm was situated on the armrest . It seemed to be 
heavier to the left, I think just because of the fact that my geometry 
and my arm and the wheel was different. However , 1 didn't find it 
particularly annoying to the right . 1 found it mildly annoying to the 
left and I went ahead and flew that way on some of the maneuvers just 
to do it— to see how annoying it would be . I was able to control the 
airplane much much better with a moderate to moderately high degree 
effort compensation . The performance differences , the values of the 
excursions, were roughly half of what they had been with the other 
system . I think the nice thing about the system is that it gives you 
better starting points . Initially your best guess is sort of an open 
loop process to start with and then a guess iterative process. 

Jenks: Guesses to power and pitch attitude? 

Pilot: Right . My guesses with the system on were much better and then it 

was also obvious that the turbulence was upsetting the airplane much 
less . That was a very obvious result of having the system on . In 
general it was just much much easier to fly with the system engaged. 

My only derogatory comment would be mild and that deals with aileron 
force . 

Jenks: How did you feel about the aileron sensitivity with the forward loop 

gain? Did you notice any problem at all? 
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Pilot: I noticed no problem at all. I say that with the understanding between 

the two of us that my attention to bank angle was less than the attention 
given to speed and attitude but there seemed to be much less to do 
because it seemed to be held reasonably well by the system. In fact in 
some runs I did trim <p and it held very nicely . What was the question 
you asked again?’ 

Jenks; I was asking whether or not you noticed any problems with the control 
sensitivity — in other words, a tendency to overcontrol. 

Pilot: No, I noticed no problems at all. Again, some of it may have been 

obscured by the fact that turbulence upsets were getting past the system 
to a certain extent, but they were mild and I couldn’t see any limit 
cycle or oscillatory behavior, no pilot induced sort of thing being out 
of phase with it. That didn’t show up at all . It wasn't obvious to me . 

It may in fact exist but with the conditions we had today it wasn’t 
obvious and I liked it. The only thing I didn't like was the force. On 
the precision heading maneuver I thought it was really great. It held, 
in fact what I did was take my hand off the wheel entirely , off the yoke 
and I put it in the center of the wheel so- if I needed to I could tweak the 
elevator a little bit and then I tried just resting it very lightly over it 
so . If I needed to tweak the elevator I could do it with trim . It did a 
beautiful job of heading hold . Every now and then there would be an 
excursion or an upset that the airplane couldn’t handle. It didn't 
appear to drift and it was holding heading for a period of time— maybe 
10 or 12 seconds , something like that— right on and then there would 
be a small excursion that I would make a correction for . 

Jenks: Bid you find the yaw inputs due to the separate surface rudder inputs 

objectionable? In other words, did you feel the lateral acceleration 
due to the yawing of the airplane? 

Pilot: I didn't find it to be objectionable at all. On the other hand I was 

desensitized to a certain extent to it then, ‘due to the fact that we were 
getting lateral turbulence anyway with the system off . I found the ride 
to be better, really nicer, insofar as I can remember, with the system 
on , even in terms of lateral acceleration . I don't know that the 
records will show it but my perception was that it was nicer, the y 
accelerations were less objectionable with the system. 

Jenks: Could you detect the difference in the yaw damper? I've got an opinion 

here and I was just wanting to draw it out of you . 

Pilot: I don’t know the cause-effect relationship . All I'm trying to describe 

is the effect. The effect was that the yaw rates, the excursions and the 
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yaw both, the total yaw experienced as well as the rates were 
considerably down . 

Jenks: I think that was the sort of thing I was looking for. I noticed that I've 

seen lateral gusts that hit you and we end up with the system turned 
off without the yaw damper . Typically you’ll hit a lateral gust and 
you’ll end up with two overshoots, at least two overshoots with the 
nose sweeping across the horizon, and an amplitude of about 5°. I 
noticed with the yaw damper on you get the initial gust excursion and 
then it's right back on. The frequency seems to be a little higher, the 
amplitude is somewhat less . 

Pilot: Today we had always the yaw damper on when the system was on . 

Jenks: There is no time when we're in command that you don't have yaw damper 

on. 

Pilot: I found it to be really great in the precision heading task. I thought it 

did a real good job . There were occasionally excursions but they 
weren’t very frequent. The fact that they appeared less frequently 
would lead me to conclude since they are appearing more frequently 
before that it was handling a large percentage of the excursions without 
my even noticing it. Of course the ones that got through were big ones. 
The localizer intercept we've talked about. Again, I consider it kind 
of an open loop thing . My localizer intercept with the system on was 
pretty lousy . I overshot more, much more, and it took me longer to 
get back to some nominally centered localizer position . As far as the 
control of the aircraft , though , in terms of pitch axis , I felt that it was 
much improved over the system off. I liked the decoupling effect of 
being able to control the glideslope , the rate of descent with the 
elevator, and the speed with the power. I think that made it a worth- 
while improvement to the ease of flying the approach . Again , the 
records will probably show, except maybe in closer, that the system- 
off approach was better, but again the primary reason was that I got 
squared away earlier on it with the system off than I did with the 
system on . I still feel on the basis of the approaches w e shot before 
we taped the last two approaches that there is a definite improvement 
• with the system on over the performance with the system off . 

Jenks: Do you have a feel specifically where you think the improvement's 

coming? Do you think that it's the fact that the pitch transients are 
trimmed out or is it in the roll performance? , 



Pilot: It's not in the roll . I don't think that roll was a particular factor , again 

because of the fact that I didn't really have enough time to psyche out 
a real accurate heading to maintain localizer track. As far as pitch* 

I can't think real specifically it made airspeed control and control 
easier . It's not too definitive but it may ... I think that one of the 
things , again because of the thermal activity , there were a couple of 
points when glideslope maintenance required a fairly high level of 
activity, and it was easier, it is characteristically easier, I feel, with 
the system on than it is with the system off. I sort of hate to use the 
two approaches we made because I would like it if the other ones . . . 

I don't think that's what they show , I don't feel that what they are 
going to show is going to be consistent with my opinion . 

Jenks: I think that's really all right. The approach we are taking on this 

stuff is our primary data, in other words, the primary data source we 
are generating on this program is your subjective opinion. Then the 
quantitative data that goes along with that is going to be merely^ 
tagalong . If it supports , fine , if it doesn't fine . The real idea is that 
we are going from your subjective comments, we are going to be able 
to substantiate why the performance is what it is in the strip charts . 

I am not particularly concerned about that right now . 

Pilot: The goaround again I feel like that was pretty much an open loop thing 

and we have already talked about precision heading. I don't really 
have much more to say about that . 

Vertical S's with the system on, I think the performance was satisfactory 
without any improvement . I think due to the fact that there was aileron 
force required without the trim for . . . either you had to trim the 
ailerons or you had to maintain some force into the turn . I would say 
there was . . .the aircraft characteristics were between good and 

fair . However , I didn't feel that compensation is the appropriate^ term 
in terms of lead lag type relationship . If you are talking about pilot 
compensation in terms of . . . it is kind of like a static gain you need 
to maintain as opposed to some dynamic quantity . There is a certain 
annoyance that comes in from the fact 1 guess that your skeletal muscles 
are tensed up to a certain thing and it makes the task more difficult. 

It is kind of ,a bone head thing as opposed to something that you feel 
you have to psyche out. It's just something that is annoying you. In 
that respect I would have to say that the description which says that 
pilot compensation is not a factor is not quite appropriate. I would 
say that there is some compensation required for the desired 
performance and I think that it would fall somewhere between a 2 and 


IS 



a 3, let’s say a 2,5. Let me change that again, after looking at the 
wording. The aircraft characteristics description here . . . says 

"some mildly unpleasant" . I think mildly unpleasant characterizes 
the nature of the task or the subtask which involves holding an aileron 
force or trimming . 1 would say that trimming is less unpleasant aS Idng 
as you don't have something else to do with your right hand such as 
write down a clearance or something of that sort. Trimming is less 
unpleasant than holding the force. I would rather do it that way 
because the trim is close at hand and it is very convenient and easy 
to reach . . . put your hand down and keep it in that vicinity . On 
the whole I would say it is mildly unpleasant and I think a 3 would be 
probably most appropriate . On precision heading , again I thought 
it was really great. Aircraft characteristics , I wouldn’t give it a 1 
because something got through the system . I don't think pilot compen- 
sation was a factor for performance. I really thought that was really 
good, I think a 2 on that would be appropriate. The intercept we are 
leaving out on the approach . 

Jenks: Again , for the same reason because you really thought it was kind of 

open loop like just a matter of configuring the airplane and waiting 
and watching what happens . 

Pilot; With as little practice as I had, if I had repeated it a number of times 
I think I would have been. able to perceive a difference. With the 
exposure I got I couldn't . I was still doing it open loop . 

Jenks: Do you think if we change, of course I'm not talking about changing it 

now because I think that would negate a lot of our test data that we 
have at the present time. Do you have any recommendation on a 
change in the profile that, might prevent this from being an open loop 
sort of task? 

Pilot: No, I don't think it has to be an open loop . I was doing it open loop . 

I don’t think it has to be . If I had repeated it enough times . . .1 
really wasn't scrutinizing the intercept as much, on our practice pass 
as I was the other portion, such as the S maneuver and the precision 
heading and the ILS approach. I didn't really have a feel exactly for 
what I should be looking for there and then the practice didn't really 
generate any particular response . Because of the fact that at least 
task 1 and 2 I did over and over again. I had some experience. I 
started to be able to perceive differences. I don't think the profile 
needs to be changed . What I think you need to do or what I think would 
be nice would be to fly enough approaches so that somebody ... of 
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Jenlcs; 

Pilot: 


Jenks: 

Pilot: 

Jenks: 


course maybe nobody else had the same impression . But for me I 
would need to -fly enough approaches so that I could practice- this 
maneuver more times than I did. The same thing with the goaround. 

On the ILS approach , performance I thought w.as much better , Due 
largely to the pitch axis control . I really . . . under the conditions 
today there was better compensation than needed to be used because 
of the turbulence do this to the basic airplane. I guess it's the response 
to turbulence.' I think the aircraft and the system is satisfactory without 
improvement . I don't think it's great but I think it is satisfactory and 
I think the system helped it a lot. I'm ... a little bit hung up now 
over pilot compensation being minimal or moderate . I hesitate to call 
it minimal . I think I would have to go to a 3 . . .1 hate to do that 
across the range because then your improvement is desired . I think 
we'll let it go with a 3 on that. 

The type of compensation we are talking about is obvious or definite 
trim inputs to reestablish the vertical descent . . . up'or down or 
whatever it might be . 

As an overall comment before we get to the overall comment rating, 

1 thought the effects of turbulence were much reduced— the perceived 
effects were much reduced— by the system . Maybe it's like talking 
about. noise . I felt that it was a lot better with the system on . I don't 
know what the accelerations were but to. me it felt better-. I thought 
it was significant . 

I. think riding in the airplane, sitting in- the back, I think I can perceive 
a difference and I never really noticed it before, in fact I had been 
asked several times as to whether we could detect an improvement in 
the ride qualities . I couldn’t . 

You are sitting near the CG. 

Well, yes, I was normally Involved in the stuff, and I just wasn't that 
perceptive. However, Rick and another one of the guys that works on 
the project, they were down and they flew on one of the evaluation 
flights. They had time to just sit back there just riding. They noticed 
a marked difference because it was fairly bumpy and the guys were 
flying along doing the vertical S maneuvers and Leland told me he 
started getting lumps in his throat pretty quick. But when they went 
to the command system , all of a sudden they noticed a big difference 
to the point that it was much- more comfortable . 
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Pilot: I could almost get with the aileron trim . When we were doing our 

practice maneuvers , I could just about get the thing trimmed to fly 
hands off, at least for some period of time. Then we would get an 
upset that was large enough to get through the system and I would 
have to make a correction. I couldn't come close to doing that, not 
■ even remotely close to doing that with a basic airplane and I was 
continuously making .. . . going through iterations' to try to get what 
I needed to take care of the last upset in my trend before the upset 
occurred . I'm talking specifically about the S maneuvers . I like it 
now. 

I think 1 would say that adequate performance is' attainable with -a 
tolerable pilot workload . Going to the next block , it was satisfactory 
without the improvements . Yes , I think it is satisfactory , but the only 
real objection I have to the system, and again it depends whether you 
use the trim wheel— whether I use the trim wheel or whether I try to 
override, is . ... This is a little bit dependent on the situation in 

which 1 am flying the airplane. Sometimes it is convenient to have your 
right hand free to do something else and on the other hand there aren't 
that many situations where you are making 180° turns. But if I were 
making a 180° turn or maybe even a 90° turn this sort of depends on 
the type of airplane . If I am going along at 280 knots and I am making 
a 180° turn you're talking about 200 indicated at 20, 000 feet it takes a 
long time to make a 180° turn even if at 30° of bank. I definitely want 
to have a trim wheel. That would be very annoying to me to have to 
hold . . .it's time dependent to me.. The amount of satisfaction I • 

have when it goes up . . . it is just an integrated value. For the S 
maneuvers , I felt that it would really be nice to fly it that way or to 
take care of the force situation . Ideally , by lessening the forces or 
making a little more, I don't think it, could be too much more convenient 
to trim . Maybe if you had a coolie hat trim switch . . • but there is 
something about a coolie hat ... [I would] actually like a displace- 
ment control like these or like the F-8 has , where they just have wheels 
on the stick grip rather than a beeper for this type of thing . I prefer 
that over the coolie hat . 

Jenks: It feels a little more vernier control as opposed to bank control? 

Pilot: Right. You don't . . . you know you are . 

Jenks: . I find myself doing that, I say,, well I'll take a short bleep or a long 

bleep or two long ones. 
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Pilot: 


I hate to take long ones . I like to have it high gated enough so maybe 
a couple little short ones . . . never know with the long ones . . . 
This is satisfactory without improvement. I think I’ll have to go with 
the aircraft characteristics on the . . . under the fair category . 

Some mildly unpleasant, mildly unpleasant being the lateral aileron 
force situation . I think a 3 is what I would give it with the system on . 
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APPENDIX D 
QUALITATIVE DATA 


Section 1: Sample Flight Time-Histories 
Section 2: Sample Flight Statistical Calculations 


Appendix D contains the time-history plots and statistical 
analysis of a sample qualitative evaluation flight. Table D-1 relates 
the digital condition number on the plots to the flight maneuver. 

All material contained in this appendix was generated by the Boeing 
Comapny, Wichita, Kansas, at the request of KU-FRL. 
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APPEND rX D 
SAMPLE FLIGHT 


- SECTION 1 
TIME-HISTORIES 



QUALITATIVE EVALUATION 
DIGITIZED DATA REQUEST FORM 


Fit. No, 036 Pilot ^ Date of Fit. April 1 , 1976 

PCM Tape No. 092-1 Date of Request April 12, 1976 


Digital 

Condition 

No. 

Task 

No. 

Manuever 

Start 

Time 

Stop 

Time 

Comments 

1 

01 

Vertical-S 

025650 

030000 

SLAVE 

6 

01 

Vertical-S 

032520 

033040 

COMM 

2 

■a 

Precision Heading 

030130 

030320 

SLAVE 

7 

B 

Precision Heading 

033720 

033830 

COMM 

3 

03 

Localizer Intercept 

031125 

031320 ' 

SLAVE 

8 

03 

Localizer Intercept 

034050 

034140 

COMM 

4 

04 

ILS Approach 

031320 

031530 

SLAVE 

9 

04 

ILS Approach 

034235 

034550 

COMM 

5 

05 

Go' Around 

031535 

031650 

SLAVE 

10 

05 

Go Around 

034550 

034650 

- COMM 


Table D-1 Qualitative Evaluation Data Request Relating 
Digital Condition Number to Flight Maneuver 
















VW I IJH-limBVfln ‘ I 
on .3,0ff£ CO 





a/r 
T£3T oae-i 


2 56 50.00 

BEECH 0D33 ' 


2 57 0.00, 

niC Ct>JQ 1 FLT C»iD 
rw W 


2 .57 .10.00 


HIDE QLHwtTlCS - VERTlOFt. 5 


run fen«7 qfj 


- 2 57 20. C 


203 





205 



206 



207 





208 


^ 2^6^0.00 
TEST 052-1 

TOTlCnL 5 - LflTElWL 


2 57 Q.00‘ 2 57 10.00 2^ 57 20. t 

Die COND 1 fLT cm 

nuH MO toseoa 

PLOT PonnflT cs 


I 


9- 





• 0.00 


2 57 30.00 


2 57 •40; 00 


2 57 50. OO. 


2 58 


210 


ffiSSVS' 



21 ? 








213 







215 ' 





216 




217 








218 







219 




2 53 50.00 3 0 0.00 


220 








3 1 5Q,00 


3 2 O.C 


3 1 30.00 


B/r 9EEXH QQ39 
7E3T 092-1 


3 I 40. GO 

DIG CfiNQ 2 H.T COHD 
fUi NO IMIO 


• WK 0W.1TIE3 - FftCl5!0M MEBftIHG 


PLOT RfWT CM 


22 



222 




223 





22k 


teRODUCIBILITy OF 
jORIGINAL'TAGE IS POOE 




225 





226 





* 3 2 40.00 '3 2 50.00 *3 3 - 0.00 d 3 10.00 


227 









230 



3 12 35. 00 3 12 45. 00 3 12 55.00 . 3 13 5.00 


231 



ffi ed 






23 ^ 




235 




3 13 5.00 3 13 15.00 3 13 25.00 


236 








238 



239 










2k2 





2^3 






‘ 3 13 UO.OO 


. 3 13 50.1 


^ 3^3»i0.00 „/^,3J3^^5.g.OO 

T£ST 09^1 BM M 10&603 

IL3 flTTMnCH Ptm FOWflT tO 


245 















250 



3 IS 55.00 


3 16 5.J 


r 


n/f 
TCST 092-1 
C9 9ntmt 


3 15 35.00 

BCECM 0099 


_ 3 15 45.00 

rrc cwD s n.r cond 
NJM NO 106603 


rt.07 FWWflT 11 












256 





3 26 40.00 3 26 50.00 3 27 0.00 3 27 10. 00 


257 



258 



259 



3 28 30.00 3 28 40.00 3 28 50.00 3 29 0.00 


260 




261 




262 




263 





265 





3 36 40.00 


3 26 50.00 


3 27 0.00 


3 27 10.00 


266 


qiUGMAIi-PAGB IS M08 



267 



‘ 3 27 50.00 ' 3 28 0.00 3 28 10.00 ' 3 28 20.00 


268 



269 




270 



271 





272 




8 



TEST 032-1 ruH HO 105603 

VEmica S - LOWCITUOINPL PLOT FOPMflT 08 


273 







275 




276 




3 ‘27. 50.00 3 28 '0.00 ' 3.28 10.00 ' 3 28 20. DO- 


277 




278 




279 





281 






283 




285 








289 



vfiB G TiM-Tunjven 
*0 , 5.00E 00 



3 ^0 50.00 

fl/r BCECH 0099 
TEST 09e-l 
ILS IKTEfiCEPT - lC«ITUDIKflL 


"T 


DIO COHD 
nUN HO I006CH 


3.U„S-™ 


3 IJI 10.00 


PLOT FtmiT 09 


3 41 20. 


290 









293 



294 






295 



296 



297 



vpn 11 viAS 





299 




300 





301 



' 3 m 55.00 ' 3 45 5.00 ‘ 3 45 15.00 ' 3 145 25.00 


302 











APPENDIX D - SECTION 2 
SAMPLE FLIGHT STATISTICAL CALCULATIONS 


308 



VjO 

o 

V£) 


«J&LTTATIVg AMALYSIS 

A/P NO* 0099 TEST NO* 0921 RUN NO# 1A8609 COND I CALIBRATION PROGRAM FLT CONO 


VARIABLE 
•“*1 IaCG ^ 

2 YACC 

3 XACC 
ALPHA.. 

S 1/cTA 


6 

7 


TIM-TURb 
TIH-A/S 

8 TIM 

9 ALTI 

iO ALTiFINE 

VlAb 


MINIMUM AT TIME ( HM 
— ‘9;42f7t:=DI — rT9 43. 
-9.S4P5E-03 2 59 17. 

8.3991E-02 2 58 56 

_3 . 4247E .00 2, 58^55.* 

-1.53548 00 2 58 58. 

-i;0'653E-K)2 2 

6.4786E 01 2 


58 58 ,30 

58 57n96 

59 48.. 09 
l32- 


6.47866 01 2 
’'•6.4034E 03^ 


IX 


6.41956 03 2 

1.37966 02 2 

12 V2ASF1N6 I. 370th. 02 2 

13 PCLh ■ -1.3076H 00 2 

14 PAILP.GHT -6.92326-01 2 

15 PAILL6FT -3.8356L-0I 2 

16 PKUO -5.6473FtOI 2_58 57 

2.97446 00 — 


38 50 ; 
59 41 
.59„4i* 
58 50. 

58 55. 

39 42. 

59 44# 

59 iu. 
59 6# 

58 51. 


1.3133E 00 
76 2.559L6-02 

93 1.15616-01 

06 4^.4521t_0XJ 

03 3.93686-02 2 

00 2.84196^02 2 

46 8.16 166 01 

8 6 • 1 6 JL 6fL_0. ^3^ 

ZZ 7.0865 6 03 2 39 44., U4 

48 7.09736 03 2 59 46o0l 

65 1.56236 02 2 58 5€,.09 


Ji£ML 


59 17,. 66 
58 37. 71 


V.0836E 00 
8.4665E-04 
1.02126-01 
_4.*O432EJX0_ 
-4.78 496-01 
-8.45716-03 
7.1166E 01 
_JL.X412E^QL. 


SIGMA 


7.66316-02 
5.0301E-03 
6.05C BE-03 
JL.77C5£nO_l,. 


JUiS. 


6.72636 03 
6.74016 03 

1.44386 02 

11 1.15386 00 2 58 51u77 1.78066-01 

82 1.51606 00 2 59 _7„C6 5.71986-01 


2.33556-01 5 
6.91086-03 1 
4*89046 00 7 
„4.9Q67E_ CO 7 


.08636 00 
.10066-03 
02B0E-01 
0471E.QCL 


SAMPLE S 


2446 

2446 

2446 

_Z446^ 


rs8-5o: 

2 58 50. 
2 58 50. 
2 38 36. 

2 58 50. 


'IT AIL-TRTH 

18 RUD-TRIM -5.4340E-01 

19 STABPOS 6.?269b-01 

20 THRCLEFT 3.3926b 00_ 
•2r‘TtrK0I,GHT''“3.2766E 00 

22 FLAP -2-05386-01 

23 DISC 23 DISCRETE 

24 CISC 24 OISCRC TE 

7ET' SELE 4';3396E-0I 2T5T^. 

26 SAILRGHT 9.44i8E-0l 2 39 43. 

27 IfcTA 2.0089E GO 2 58 50. 

28 Phi 1.66S1E 01 2 59 37. 

79 “SAILLEFT "■-1.3 6616^1 Z’TS'B 50". 

30 SRUD -5.83^7E-01 2 58 57. 

31 AIL-SIGN 2.24396 01 2 58 56 

32 RUOOSIGN 1.2823E:.OI 2 58 56. 

53 " DC KOMT 1-142 4H 01 Z 58^0- 

34 HEAD 3.41476-01 2 59 18 • 

35 . NTC 

36 0 -5.25056-01 2 59 16. 

BT-'ACHOTn SSD 

38 NTC 

39 NTC 

40 P -4.11766 00 2 58 58, 

^2r"58“:r6^ 

2 58 56, 

2 58 54, 

2 58 50, 




2 59-16 


00 -5.434CE-01 
00 1.1491E 00 


.. 07 1. 103 l_ 

..15 2.^9afc 00 


2 5a 50. .. 

2 58 50 ,.00 -5.,4340E-Cl 

2 59 0..73 1.0476E 00 

th — I^IItII—oS I li^0l.’0'§ li2l6fl“E'§' 

00 -2.0558E-01 2 58 50,. 00 -2.0558E-01 


2.I09.5E 02 6 

2.159.5E 02 6 

4,y*/07E 00 1 

_4»72Q5£.0Q I 

3.3120e-ol t 
.3,60206-01 4. 

3.6O50E-C1 6 

_JU5651E=01 2 

2.20376-02 2 

0.0 S 

9.1476E-02 1 

_5_.230?E-Q2 3 


.4152E-01 2446 

.09226-02 2446 

^I333E 01 2446 

.158i£ 01 2445. 

.7298E 03 2446 

,74366 03 24^6 

.44666 02 2446 

4 35 IE .02 2446. 


3 

0.0 


-02 


.e512P-Ol 2446 

0188E-01 2446 

76156-01 2446 

.2537£rQl 2446. 

,97V4h 00 2446 

.4340E-01 2446 

.0516E 00 2446 

_ «it647 E_DQ 2.44^ 

3.2966E OO 2446 

2.0558E-01 2446 


Tf5 — rr 
82 1 
00 a, 

19 2. 

00 -3T 
94 1 

54 2 

54 2^ 

G£r“ii 

55 3. 


7703E 00 ET 

2505E 00 2 58 51, .92 1. 

5374E 00 2 59 _7. 23 6. 



26156 01 2 58 50 ..00 

6046E 01 2 59 17, .54 


6856E-01 
08046 00 
2336E 00 
1405E 01 
Y3I7E=0r 
0708 E-Oi 
2615E 01 

0093E o: 



706<hE 01 


373277E-7nr 

6.0006E-02 
1.6156E 00 
3*72^0E^OO 
3 T 60 S 6 E- 0 r 

1.7178G-01 

I.3125E-02 

1,38126 01 


9,3012E-<ii 
I.0821E 00 
6.43966 00 

2.0242E-01 
2.2615E 01 

2.1953E 01 


2446 

2446 

2^6 

^446^ 

2446 

2446 

2446 

^446. 


68 2^6967E 00 2 SS 58., 01 6.2809E-01 6.4627E-01 9.Q120 E-01_ 


2445 

2414 

-2M5. 


41 ‘CDOT 

42 . R 

43 PUOT 

44 KDUT 
45’RUAC 
46 ELAC 
4? RAAC 
48 LAAC 


‘5#1476E^?^ 
-'2.04it>e 01 
9.9569fc-02 
8.0825G-C2 
— X~.j273E-^I" 


1.556BE 00 
t;.2371E-02 

_ I.818 7E-01 

49-RDCTGYKU -2#6BT5E”U0' 


"7 ”50^7 
2 58 50 
2 58 52 
2 58 51 
"Z^5r"53’ 


.08 -5.4901E-01 
34 8T2T54E^Z“ 

*54 3.5213E 00 

.53 1.7069C-01 

.05. 1.4087E 00 
7UJ oCT 

*05 8. 10 72b 00 

*06 1.0G24E 01 

*06 9.9655E 00 


2 58 

2 58 
2 59 
2 58_ 

2 58 
2 58 
2 58 


52. . 36 
35^.“36“ 
54 ,.03 

2, .89 
56, 54 
■56o'54^ 

56.. 54 

56.. 54 

56.. 54 
“36,:D4^ 


-1^87908 00 


4* 

”57958 4E=02 57 

2*6460E 00 6* 

l,.3265E-in 1* 

9.I 246£ ^Z 2* 

2I3370E 00 

4*3235E-0I 2* 

2*67I3E-01 1 


“=2V0'I3’2T15r 


8863E-01 

7573Er-03” 

217LE-01 

2U4G-02 

6962E-02 

'80*54^01“ 

4532E-01 

3052G-01 

9939E-01 


1.9415E 00_ 

2*7ieXE 00 
1.3321G-01 
9.5I47E-02 
■7T39a'4E^T" 
2*3624E 00 
4.8997E-01 
3.3334FrOX 
■^CT54m)a 


2445 
"2446^ 

2446 

2445 

2446 
"244o 

2446 

2446 

-m 



^ QUALITATIVE ANALYSTS ^ 

A/P NO. 009V TEST NO. 0921 RUN NO.- 148609 CONO 1 CALIBRATION PROGRAM FLT COND 



VAP. 

^0" 

t>l 

52 

"54 

55 

56 
.57 
56' 

59 

60 
6i 
"62 
.63 

64 

65 
■66' 
67 
60 
69 
"7CJ“ 

71 

72 

73 
74^ 

75 

76 

XL 


iA^ I E MINI HU M^ATLTIME , (HMS) MAXIHUH-AT TIKE (HMS) MgAI^ 


SIGMA,. 


■ RMS 


-SAMP-LE.S- 


rniACOMH -8.9fc64E 00 
PHI CLil^lM 01 


psi cyMM „ CO ? 59 ^.26 

OPSICOMM -2*6241E*<)1 — f^9 4 b!5T 
PLEKSIGN 3.0105E 01 2 58 50.00 


2 58 50.00 1.0785E 01 

2 59 47.72 -1 .1814E 01 


Z. 


-6.7149b-“02 
3.0105E 01 


59 48.71 

58 50.00 

59 3 6 .04 




>6 ^u.OO 


3.0105E 01 
NTC 

TETAGYRQ -2.0A23E 0 
ti CYAO"rr3.23CP£-iO_ 

KUO ACT t 2. 2809c 00 
tLEVACT -6.4502E-0J 

PHI OYKO ~3 .47666 01 2 59 18.35 -2*3996E 01 2 
P GYRO -2.24736-01 2 58 52.19 6.7415 E-tOI 2 

: NIC 

NTC 


1.5259h-05 
2^5J^ 57.79 .2.4038E.OO 
2 59 17.84 B. 02546 00 


59 8.63 

58 50. UO 


59 48. CO 
59... 2.. 23 
59 10.18 
58 52.01 


-7.9020E 00 
-1.18246 01 
J^O68^_0.(L 


59 6.89 
58 50.00 
58 58.06 


-9.95HE-C2 
3.0105E 01 


-3.0683 E-01 
5.74246-02 
3.951 7E 00 
,-1.74 90 6 00 


'6.31U5E-01 
--3.1442E 01 
1.4548 E-03 


4.0254E 00 
3.6865E-02 
J2.57U7£r^ 
3.7829 Et02 
0 . 0 . 

_ _ilI 35I£^00^ 
6.5V51E-02 
3.6328F-01 
i;6811E 00 
-Ai.^42E-=ai- 


8.8632E 00 
1.I824E 01 

_2. 

1.064 6E-01 
3.0I05E 01 

L..2771EJ1_ 


4*1942E-01 
2.8081E 00 
4.7633E-02 


3.1384E-01 
3.67746-01 
4.2944E 00 
J^8189E^QD_ 
7. 5772E-01 
3.1567E 01 
4.7655E-02 


ALT-LO 

alt-go 

LOG 

GCII5 


OAT 


-5,051GE 00 
6.29166-02 

__ SSD 

^=2^3582E'=C2" 

NTC 

NTC 

NTC 

NTC 

NTC 

NTC 

_^_._5499£ 01 


2 59 49.61 -1.9369E 00 
2 58 50.05 7.94736-02 


59 33.46 
58 50.00 


-3.3368E 00 
7.790 2 E-02 


7.0725E-01 

4.8513E-03 


3.4109E 00 
7.8053E-02 


8 50.00 -2.3582E-02 2 58 50.00 -2.3582E-02 OVTT 


2.3582e-02 


i*y 


2 43. ?X 4.9121E Q3 — 2-g.8-5lt69 4.i^.727XE Ol I.1613E_0Q 4.7285^01^ 


2445 
2 446 

^446 

2446 
2446 

-2446 

2446 

2446 

2446 

J7446 

2446 

2446 

2446 


2446 

2446 


2446 


2446 



QUAL I TATIVE 


A/P NO* 009^ TfcST IJO* CO 21 


RUN NO* 12^616 COND 2 CALIBRATION PROGRAM FLT COND 


prr,T?:Ml>Jf. f ,Vn7 . \*G - lIMr - 


5t;.u} 


3 ?0.0I 


A4fl5 


JCAaJXLLi fMMTPMP A' 

50 NTC 

51 'n TACOMM ^^*9£C41- 
5? hKI comm -I-X873P 


MMTMMM AT TTMr < HM.VJ MAXIMUM AT TIML - U L v ; S -)-- 


MEAN 






■ SAMPLES - 


54 --1. 

5b LL‘^Ml.N 'S 
5u 

>.57-’lli-I-CLYrJ.i -t9 

5b (» uyou -3 

59 FUu ACT -1 

60 1 L- VaCT 4 

-6J-jjrjiLi.u: =: 


62*i,lALAL7 -4. 

63 Ftil lYkU -1 

64 P C 7 YMO -2 
.6 


66 4 or— 

MG 

:521Zil_ 

?363't- 

57^21: 

■( 04PL^ 
A4Llh_ 
jibaii - 
Z2b\i^ 
2A72t 

xac 


oa ' 3 
OL 3 
ul: — 3- 
01 3 

Cl I 3“ 

liU 3- 


1 31.03 -r^.9270r. 00 

2 53.01 -1.06A1L Cl 

53 .46 5 , 47»*^ - F -CX»- 


1 30. uO -1.062OF'-Ol 

'‘S;oiu5t 01 


3 1 30 *.00 

3 2 20* 16 

■■$ ■ § 52 >.21 


3 

3 


I 30. 00 
1" 3C..C0 


-R.9643E 00 
-l.ieUL 01 
, 2CS2£ CO - 


--l.a620E-<i) 
3.0I05E Cl 


2.0717E-O2 

4#A53?E-0? 

6 . ?,69CE " 01- 


0.0 

0.0 


8.9643E 00 
l.lPilE 01 
, 298?& CO ' 


1,062 oE-0! 
3i0105e 01 


01 

00 3 

01 3 

iO ^ 


1 ^ f. ,..*.• ., -t . <•> 1 4?-?—- 3 3 t6 > g - 9 - .-f :, 79? 4 E - C >0 r -^ 4fv7^r -ftg 


i 30.00 -2.4?90t-01 
1 37.46 l.llSSt 00 
1 36.16 7.06M6 00 

•% - - - 




3 2 26. .99 

3 2 28. 18 

3 1 37. 12 

00»7i; UQ 3 2 ?8 , 06 


01 3' 2. 27.9V 3.2192E 00 3 1 46.05 

01 3 1 4^v.33 6.&4?ie-01 3 2 57.34 

00 3 2 ?1.66 2.C225E 00 3 2 50..45 


-3.2376E-01 
l.in43E-01 
4.1960E 00 
-t . ??426 00 - 


1.51266 00 
-S.2554b‘ 00 
-3.6K0eE-02 


3.1.9f‘4f;-03 
6.C7C1P-01 
1.10666 00 


6.335 tt~01 
3.4761 E 00 
2.55blb-0l 


3.2377E-01 
6.1924F-01 
4.33941= 00 
-1 . 506 4^-00- 


l.64oOE Oo 
6.30JOE 00 
2.5815L--OI 


66 

67 ALT-tO 
6f ALT-GO 
f st 1 nr 


70 hLlD 
7) 

72 


-2 . 


54b7L“ 
NIC 
NIC 
^IC 


01 


3 12 .18 -2.35£2E^02 3 X 33..41 '-5.2311E-02 4.5486E-02 6.93216-02 


74 

7b 

76 

77 fri^T . 


mtc 

NTC 

NTC 


nv ^ 7 *LP^?Q g?^?^p-nF ni A — A ■ 9 2 . 16 S 4* >g- 0 0 A 01 - 


4463 
4463 
4 4C3 - 


4483 

4483 


4483 

4453 

4483 

^4442.3- 


4483 

4483. 

4483 


.NTC 

SSD - 

947J1.-02 3 1 30.25 9.6028E-02 3 1 30..00 9.4869E-02 4.2256E-03 9.4963E-02 446a 

^•cri - - — :... — 

* ' - - ^ -- -- ' ' 


448 3 



A/2 6'U. 00 v9 TEST MO. Wai 

QUALITATIVE ANALY-! 
RUN NO. . 124616 



COND 2 

CALIBRATION 

PROGRAM 

FLT CONO 


F.r f TTMC TTMft A Mi ? IT « T 7 r 






5 1 30-Ul 3 3 ?C.01 

44L3 






V4P.IAI.t.f; Mal4iL^Urf-fcT...Tlr.b— tmiS-)- 

max IMUM 


— »,/.r AN 

■■ — 

ms 

SAMPLES 


1 //\ro 

2 YAtC 

3 X/( C 
-iu^.LK:.A 

i? I * *1 A ^?***0i6f* uO 

6 -I 


y 01 

“V. i -<)iJ 

“3,r^K ’ -‘»? 

>jgi. 7r . (i.l. 


3 2 *M^?9 1^2^.AfiL 00 3 2 52 3.1^^6E-02 9,fi:^79F-0l 

3 2 b?.77 f.3076L--02 3 2 »^*3- OA -I .A6f-0E--02 1.04Plb-02 l,a013F--02 

3 1 36. HU 3.?6u3b-u2 3 2 51.63 -3.7*>96E--0A 1.0452^^-02 1.0459E:-02 

•=< -> 7 3 :> i:u,3A- 3 gw^. a t^. tr o( -- 


7 n.-t-A/b 


9 /LTI 

10 /nil INI 

11 VIA*:. 

I ^^r 

13 1*1. L*^ -^.6617l-0J 

14 (- AiLM.rrr -- i.AibAti 00 

15 i-'AiLLf rr - 6 . 75 . UO-01 

16 2 ..-. 7 < J 6 . 9 Lj = iL 2 - 


7.u3*^6l (.1 
■.7^u3^6!:..Xa- 
03 

4.6??Al U3 
l.A.-^i.rn- 02 
n? 


lyai-TiUM v .;' 3 oH.-oi 333 , 

lb M / U'TKIM - l ?. A 34 t »- 0 J 3 1 30 - 

19 i't/^rprs K.^<■/4PH-ul 3 1 31. 

20 •{hML.LubX 2-.X 26 9^. OCJ 3 1 3fL 

21 Miiijfvbf.T 2.iUVVt 00 3 1 41. 

22 I LmP -2.Ub5U-Ul 3 1 30, 

2:; MIC fC 

, ZiL ^ 1 : 11X2 .^ illtOLlzJL 


66 2.4231E Co 

,UC - 7.05 58 L --01 


3 

3 


2 10.25 
1 3ri.00 


2.2743E: CO 
-?.0553t-01 


l.C7961H"0 3 

0.0 


,?769E 00 
.055HK-C^1 


25 OkLJ 6.4AVGI— 01 3 2 tJ*£i2 
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:<AMPt.r M 2 .T- 
*>277 


U> 

VJ1 


■JCAtaAp.i.!:.. 

1 /ACC 

2 YACC 

3 >.aCC 


AT TIM- 


7 .97CJt--<)i 
-7.V72AI -02 
-9 -I.-? 

-=2..jL</23L=m. 


# W ^ U ^ ^ ^'4- 


t> i lIa ^7.2?60r, uO 

6 M>;-7lh<h 

7 1 l^*-A/b 

__a.-iJL*i 

V aLII U3 

10 /LlihlNL 1.7i03fc U.H 

11 VlAi. 01 

13 M 

_ PAIL . . 

1*1 PAlLLhf-T 


Vi 3-^. 
14 3^, 
lA 

IA--LU 


.M A/ 1 .V UM- AT T 3t ■■■(■l4?4.S4.-> 


00 3 

<?4 *3^041—02 3 

27 9*ir^Af,-02 3 

va 9r f.r ' 


15 23,53 
15 7i,V6 
13 27.75 


44 £ -A,*4- 


1.0014F 00 

-3.42A0E-02 
1 00- 




B.A^09C-»02 

2*13^7£-02 

3,»6]7Ai:-02 




KOOSOC= 00 
2*356Bfc-02 


SAMPLCS 


3 34 5.'*«24 5^3937L 00 3 13 20,16 2*}73BJ:--G1 

'•< 14 47i69 2.31431 CO 3 lb 2‘2.’’»6 l.5793t 00 3.641 ?r — 01 1.67C7t 00 

3 15 2**..7l 4. 346^^9 Gi 3 14 36. 4S 3.7565Er 01 2 . 1 ^ 05 ^. cO 3.'763?E 01 

q 1 ^. A.4K<7i>r m ^ 2.,7v.l lL -O-I 2^abXJ5-uO 01 - 


n.i. 


- 4 .VL 6 PI 00 

14 PAlLfcHT 00 

15 P M I I f- f- T CO 

..45*xc'tr> T. n(i- 


3 l:> 2V.V1 2.<^196t 03 3 13 34w6 2.3571b 03 ^.AvCPE; 02 

3 15 2V.71 2.939^^: 03 3 1?3 3^.26 2.3717f 03 3.70I.9fc 02 

3 13 24. 3U ;.l3(^b C2 3 14 3i'.02 1.0307b 02 3.4S^6ir 00 

^ 1 ?.v.75 1 .^ 01 Cl 2 5 . 4 27( . r OCV- 


?.3B50fc 03 
?.40i7t 03 
1.031Bf= 02 


17 AiL-fKin B.2U;7jbpUl 
lb 4.52H3F.O0 

19 -7. 4 Bolt “01 

-20.JLU-- JU-LI Zc. 42 5 A ;> P .O. 


13 3A*3;0 -4.^2Jf/t-01 3 15 ?1*9V ’“1.9679b 00 V.T112‘--01 ?.1944r 00 

14 39 . B7 6.1^*23L CO 3 15 22.16 1.047.46 CO 1.0395b 00 2.20376 00 

15 22.16 5.7431E OO 3 14 39.96 -X. 96056-01 l.rP2j6 CO l.A925b 00 

1 4 f. - 1 2 OQ 90- 


21 rh^.ijM;hT 

22 \ LAP 

23 L 15C 23 


2.4231b OC 
4 . 2 6 4 1* t_i 1 
DlSCJ’f Jf 
.lAliXALXL 


3 13 2U.47 9,230Pt“Oi 3 13 20.27 8.5569fc-01 4.L6V2E:-02 a.5 7Cy.L-Ul 

‘^3 13 ?5.V3 4.649XL 00 3 13 20.27 4.6451C 00 2.J73yh-02 4.6432|r 00 

3 14 49.7>b »;..377r.L“Cl 3 13 20.27 -3 .3967>f:“ai 4.11l4fc-01 5.6646b-01 

1 V - Oft V ^ r, r _n 0 1 V ^ , 27 2-.-7-4b64,^UO 2.,.2..U.41,=iC4 2 . 7^< 4 6r — 0 ^ 


13 59, 

14 59, 


96 3.32 261? 00 

55 4.2P0Ct 01 


1 ? 2*»*60 
13 2C.27 


2*7?62f: 00 
4.279Cb OX 


2.u5for— 01 
3.4727b“02 


2.7329f 00 
4. 2790 b 01 


25 SbU -4.6302E 00 3 13 23.15 -4.1007E-01 3 15 22.36 *-1.6731£: 00 

26 tAlLRGHT “J.97V5^ 00 3 14 40.41 5.23V31: 00 3 15 22. 5G 0.460 2 t-Ol 

27 ffJA "6.46060 CO 3 14 20.3 2 7>.5Vf»5b 00 3 13 21.63 -2.33r6F 00 

ZmiL:l ^*;744 ^- 1 i^n c rAr ol ..^ Vi 37 .ijb — -. 2 . > 2.4.9.P-C.CL 

”2V ‘^/iULLPT Uv) 3 15 22-5?^ 3.0f^66b UO 3 J4 

3<^ : KUC 1.212U" CO 3 14 54.23 7.5344b cO 3 13 

31 i.i9si;i t.'l 3 15 25.93 2.2(,35L* 01 3 13 


4<.. 21 
77.28 
2t,.?7 
Zi. 


->i2 P t >-S It if j 

- { ( WA < J 

._ j 





? ,V. 

■ 2.O.. 

33 LL mJNI 

l.LZVlCr Cjl 

3 

i-3 

2C.27 

1.1424b 01 

3 

13 

25. 

34 rl-AU 

l.hf>^+5i 01 

3 

14 

17.47 

2.i497f Cl 

3 

13 

20* 

35 

*^6 LL 

NIC 

- 1 f*0 


1 5 


:>^A 0 9Ai' nn 

_3_ 


-2X,. 

“"37‘ AC KOKT 
3P 
3V 

4M P 

6. so 
NFC 
NTL 

f'j 


13.. 


fif:,. 


-A_4_ 

JScu. 

‘A1 (1X1 

i.I7oic“C»2 


J3 

^^9.04 

1 .176^-1 “01 

“3" 

13 

34 . 

62 ts 

"5.14^*7b 00 

3 

13 

26.47 

4.rAl^K 00 

? 

15 

22. 

A3 f!UjT 

"4.26nL“02 

3 

14 

i>3.27 

3. 41 3 CL "01 

3 

14 

30. 

A4 1 l)LiT 

1 j' f ^ 


14 

^ j.( <j 

1 - V/' t.r'v^ — n 1 

"^r 

1 

-3iU. 

49 Y UAC 

1 . ?73r-C'l 

3 

13 

22.60 

1 . 1'c 3oE' uO 

3 

13 

50 . 

46 lLAC 


3 

13 

26. Po 

2.F045l: 00 

3 

13 

36. 

47 KAaC 

J,.,-}266f--vJ? 

3 

13 

56.12 

l.lLl2r CO 

■9; 

13 

52. 

43 La/iC 

7 .? lUU - •) 1 


r3 

? ^ 4 A 



'■1.4- 

■< . 

49 KLLllOYKU 

"3.9946c 00 

3 

15 

22.5ft 

4.7335b 00 

3 

13 

26. 


-9.7364 t-02 
3.206‘>l UO 
2.1499r* 01 
2^.no<>6F . al- 


1.05fiTi: 00 

1.56U‘>r 00 

2.IC74f' 00 

,C 7/c>;> o n 


3.132B*? 01 
1.9417& 01 

"S.9394r-ni- 


1.13Ulb OC 
l.U714t 00 
2.6136E 00 
-0^ 


2.1516E 00 
1 .775/'E CO 
3.202i^^’’ 00 
nn 


3.Cf 22‘-02 
5. 21 69 r— 01 

B.S037F“-g.U 


1.1343L 00 
3.^54Bf 00 
2.1543E 01 
2 ,0096F-.Q1^ 


l.X32rrL 01 
1.94?4rr 01 

7.Q?73r on. 




6.2523L-02 
-1.6203 b— 01 
1.3738C-01 
9 . 3 £64r- n 2- 


4i 


7.7v‘jil4ir“Jl 
1.744Cb OC 
3.3736E-01 
4. f 9.C:.2,9.=:aX 


1.2607P-U2 
l.?.A?4h 00 
3.55525-C2 
1 .•t Q47 ?.^’=62^ 


2.7B5U>^*i 

3.4712P-01 

l.P9V5^‘-Cl 

1 


6.3772L-C2 
1.363JF 00 
1.4191c: "01 


7.9614C-C'! 
1.779CF CO 
3.g716F"01 
4.41?6P--r.fXl- 


1.4810E-01 1.0447H 00 1.0551E 00 


5 277 
5 277 
5277 
52 77 - 


5 277 
5277 
5277 

5277 
5 277 
5277 
>77 


5 277 
5277 
5277 
— 5-1^7^- 
5277 
5 277 
5277 


5211 
5 277 


5 277 
5277 
5277 
-f-..?.7X 


5277 

5277 

5277 


5 277 
5277 

r^*>7 




5277 
5 277 
5277 
5711 - 
5277 
5277 
5277 
-■fL2.7X 


5277 



f.lM L lTATIVg . ArU . tYgIS - 


A/P KO. UO^V TEST rjli. 


RUN NO., 12A616 COND A CALIBRATION PROGRAM FLT CONO 




3 \j> 2(..27 


CNrarp; UN 


3 )t) JO. Cl 




S277 


SO 

•:>1 i I T/C‘‘h M . 
Pi(l L. ~i 
^3-J:i,Si-XL;LVt-=rI 


AT max i mum at T I T^E ( l - i KS - ) - 




SIGMA 




S AM PL - g - £ - 




lPSIo.'MM -1. 
LIKSJO/J 3. 


bh 

„iiZ^r_I^VLLVjUl_=uS 

IPJ V' OYr,i -2 

r:oi‘ /CT -? 
60 fe LLVaCT -a 


NfC 
V£ <^iAc Cm 3 
01 3 

-?43CT:h>1 3 

OlC'ih 01 3 

NIC 

2asar uc. 


13 4S.CA .i:A9Ab 00 
l;i 2 U ./7 i.Aol'At 01 
_1 C ^ c Pi . n 7^n -CO- 


n :>? 

)3 2U 


.04 -I.UB/OGHUI 
.27 3.0jL*>t 01 


3 13 21.7? 
3 13 26- ?0 
,3 


3 13 2C,5fl 
3 13 20-27 


-R.940OF Co 
l.bCSlb 00 
4 ..on^LTL -00-. 


21 .-^r A.C016F-00 — 5 U i ^o: 


-1.31C6P-01 
3.()103E 01 

.2»£.9£9F..qu-, 


l.?16?f 01 
.727?h OO- 


,A2Vt‘r-"Ul 3 13 ?0.27 -1 .6l<>3t-01 
.7</44f OO 3 14 3V.20 4.39A9F Ou 
,7^3 Si.h:* 1 3 13 26.77 6.26 7«-b 00 


3 13 21.33 
3 13 26.64 
3 *15 -2^ . 


*"? ♦3*-'^0 1:^0 1 
-7.J?Si>b"“C2 
2.3029E 00 


2.6C^3C^0? 

0.0 

2.?n7?r 00- 


R.9A10K 00 

gl 


1.7226L-02 
1.3A:,ht' 00 
1.1613t 00 


1 • 3362F ^>1 
3.020SE 01 

OCU 


2.3^67t-Ca 
1.3A4£f^ 00 
2. *57926 00 


71 

72 
.-7.3.- 


74 

73 

76 

. 77 . a Ai . 


Nrc 

NTC 

J-btJC 


NTC 

NTC 

NIC 

>2 Cil7 H 0 1. 


^ OT ^ 01 2^1^T6F.-.00 S, 5S6 4 £- .ft3^ 


5277 

t>277 

571T - 


5 277 
5 277 


-5-2-77- 
5 277 
5277 
5277 


62 

63 

64 

6*^ 

-L.I-j"LLAL-i- 
UAL AC r 
PHI GYnU 
P GYKU 

“S.334U OU 
-1.2937f 01 
-b.P427fc 00 

MTr 

3 

3 

3 

-JLit- 

IS 

15 

14 

21 .96 
3.72 
52.97 

5...?lJCb 00 
}.OL.fc3e 01 
V,t'62Vlf 00 



3 

3 

3 

-u:- 

15 

13 

13 

3-64 
?6< 54 
48. 62 

...~4 , ::-V L.-~*-u-vfc 

-3.{l6.TPe-01 

-1.753Ifc-0l 

Z.EST^f-Ol 

2.2112E 00' 
5.34i3t 00 
1.7348t‘ 00 

2.?44.-'.b' 00 
5.344?r 00 
1.7498L: 00 

5 277 
5377 
5 277 

66 

67 

63 

aLT-LO 
ALT-<jO 
i I if 

NIC 

-L..'>CF2f 00 
7.V47?l:Hj2 

— * T /r( mi- 

3 

3 

14 

13 

1 A 

36.78 
20 .27 

*7 

t>,4952e-0). 

9.AO?3L-02 

V v/'r-Ai 

3 

3 

13 

14 

20, SO 
2C- 38 

on 'pj 

-2. 6872b 00 
8.46L8&-02 

1.8911b 00 
7.6629C-03 
■ -2.529.1 — 

3.2860E 00 
8.4964EK)2 
-.4.7199t>>Ca 

3092 

5277 

— 

■ ■ 

70 

('.LID 

-A.ft4] 01 

3 

13 

20.27 

5.7931fcH)l 

3 

13 

54.70 

1.2998E-01 

2;52i4L-di 

2.8367E-01 

5277 


-g. 277 ^ 


A/p NO* 00V9 TbbT NC* L921 


KUN NO. 12A616 COND 5 CALIBRATION PF 


j 15 35 .OJ 5 16 5C.0O 


5 .'17 A -tv 

6 7 7 

? 3 

: a.JXK 

9 ALU 1 

10 ALTil INL I 

11 VlA.S 9 

13 rlLi " 

1^ PAUK(>nV -5 
15 t-/.lLLr Pt —3 

=ii. 

17 -5 

IG 1 Ui;-Tr IM -2 
XV MAt^POS -6 
2. 

21 I ^ 

2? ^-Lap -2 
23 ui:X 23 


26 SAILkOHT -1 

27 rLTA 

28. Mil 

2v :,/-illitPT -I 
lif IkVi) -I 

31 AlL-SlGN 1 

j52U.X;L^O;tiXUtl L. 

33 rc i 

KtAD ) 

35 


AC MC'NT 


'^rl CC‘01^ ' -2 

42 r< “1 

43 POOT -2 

„4fLJ: LOT 3. 

45 rtUAC i 

46 LL/C »> 

47 KamC X 

2. 

4V KOOlCYKa --JL 


bC V3Vr -Oi 
► 3ArU-0l 

• L633H-02 
JU">46PrTai— 
,:5^50f 00 

• 5l3i/L^01 

• 56Jl^L 01 

.^£JLL£— OJ 

.b900fc Cfs 
.67V6^ 03 
.P,4fl5t ul 

*Cl 372F— cjg 

•39171 CO 
•C?76c CO 
,V173P on 

• lim- Uj 

"icttc 00 
DISCRcTr 
rCvrac oo 

.414I»E 01 
*a72hP GO 
(>7 

• 63 ■‘Ct oO 

.10 

•InO/l ol 

• i;345L L>1 
.0252L: Ul 

KIC 

*/tC56 n Oa 
150 
Nil. 

NTC 

*22UAE^Jal- 

• 3i>:’V (.-02 

• «44Pl -^12 

• O^V-iL-Oi 

• 4 30;yl-0 t 
•326oL-c2 
*?lClt-CL- 
•OeOTL 01 


12 .04 
26. U5 
li^.C P 
30 • p.3 
4*^ .14 
41 .20 
4^.75, 
4 6. -7 6 
35. ?3 
37. 3B 
42.Ptt 


3n.29 
5fU7:> 
39 . 65 

.ro 
21.27 
22.90 
35. (a 

3^i.r.‘T , 

3^.03 

48.49 


3 IS 36.44 
3 16 4b. 04 
3 16 45. C4 
16 -^^^^^^4 
3 15 4C.:<6 
3 16 4b *64 
^ i6 30.23 
■H 1 >1 4 1 .4 

3 16 4b.r*4 
3 X6 45. U4 


^ 1C 44 •16 
3 l6 lu .1/9 
3 16 4S.0'+ 
3 16 10.61 

V; 7 A 26.(0 
3 X5 42.. -.4 
3 75 50.60 
3 15 41.14 
-^15 41^24, 
3 1q 45.04 


1.5376L 00 
^.9410h-02 
2. 7 V 64 r -01 
R ,6o:-:6r on.- 
6.6f36t 00 
2‘.S004E: CO 
7.937?t' ex 

OX- 

2.5761^ 03 
2.5432b 03 
l.SVtlF 02 
i.S?96b 0?- 

2. :. 42 7b 00 
4. 5365b 00 
*". 7431b 00 

^ ^ ^ ^ < u f! n 

9.2300£-*01 
4.64Vlfc 00 
1. 4717b 00 
7. LI 72F..-(,ija- 

3. (115b 00 
4.2COOC 01 


2.6P47E 00 
3.3536b 00 
9.2432b 00 
•: 61 

7.136yb 00 
4.f.l'bPL <iO 
2./615C 01 

1.1526L 01 
3 .9037E Cl 


^.976Sb eO 
3.93 401 on 
?.n44HL-01 

2 , ^-7 Pf o n 
t. 3621 b oo 

8.6141#- 00 
^>.9853:: 00 


37.90 

27.63 

52.56 

46.73 

77.58 

40.95 

■■Aiueo- 

3# .15 
49*63 
49.31 

5C.5 7 
3V.OO 
5T.75 

37.^4 
35.01 
56,24 
-311. .7.X^ 
36.76 
35,38 


3 15 50.50 
3 15 40.48 
3 16 31.63 
3 1 6 4^ 1 •04... 
3 16 4L.04 
3 15 40.^5 
3 15 35.23 
3 

3 16 33.11 
3 16 2b, 46 


3 ?6 

3 16 4S.V4 
3 16 24. B5 
3 15 4A.73 

V i6_/4^._C4_ 
3 16 4*^ . 04 
3 16 45*04 
3 16 45. C4 


4.9110c 00 3 16 29.66 


1.0184f: 00 
-} .B(.26i-02 
1 .5:i4pr -ol 
yvp i rz r r > 

9,9L8Sb-Gl 
7.,642Ce 00 
s.et'SPb 01 
6,83 3 9l..-g-U 
2.1C03K 03 
2.1CC2E: 03 
1.2978E 02 
,-l.>28 5 6 E 02- 
"8.4576E-01 
-1.9305t“01 
i.OCblF 00 
X,8624P 00- 
3. 462 Of: -01 
1.861VE 00 
7.3408E-0X 
r>n 

3.5022E 00 
5.35C3b 00 


-3.4C02C-02 
-6./329E-02 
5.7660E 00 
-?^.??r:A.b on- 

6.SA62E-01 
1.6826E 00 
Z.p^06E 01 

1.13b2fc 01 
I.7715C 01 


-i.sz.-g; AT n<> 
6.4256b-02 
-7,5?v7F-01 
1.5E OOt — 01 

3C7^r 

7.1473£-U1 
2.1265E GO 
3.74766-01 

5.7337b-01 


FLT COND 




CU/ L 3 r^T I VF AMAUYSir 

A/P NO. 0099 TFST NO. C921 RUN NO. 124616 CCNO 5 

■f'.i xit^ Ly.Li:ii: Tj;:J — s;.y.pL^ 

li) s5.i. 1 3 U. !:u.OU 3054 


AT TTX.I ; , T TJML 


5 J NIC 

61 -0.1w4Vt no 3 

62 HKI 01 3 


64 -l.h43C^-0J 3 

61: L Lt K6iON 3 .C)l6L 01 3 

66 NIC 

-^-liJlAlLVKU -5i^6326a,jUjU. , 3 16 31,48 


15 43. 7C “{;.9279F 00 

16 42.34 1 .4<^34b 01 

1/^ ?9.c h — n.7i:4U-uO- 


16 42.27 -7.0620L-D1 
X5 66*ul 3*ul06t 01 


3 15 3f:.06 
3 IS 


3 l6 3'=-.. Cl 
3 15 364 01 


68 "( (lYM.? -4. 8*3 1^2 1 - 

M»J /^C T -7.31 69b 
60 1 -LlValT -4..JA0U 

62 L7ALAC1 

63 Pill bYKU 

64 P OYKO 




66 

67 ALT-LO 
63 aLY-v-O 
. 69 -JJX, 


,} 6641 : 
- 3 . 439 ‘V£ 
- 3.0 2 O 2 L* 
HXC. 


01 3 ?6 21. ;i -2.429v'b-01 

00 3 15^43.45 3.6921b 00 

L-n 3 16 6C.)3 O.AllSG 00 
Mn ■ 4>]AP6f-; 00 


, 01 - 

_ 16 35401 

3 16 23*89 
3 16 10. 4y 
-V-U. CuizE- 


00 3 16 9.97 4.7424c 00 3 13 43,50 

on 3 15 42.98 2.8895E 01 3 16 35.91 

00 3 16 12.66 6.06741: 00 3 16 30.23 


Vis OLIU 

71 

72 


NTC 

SbO 

9 . 6 (' 2 t r- 


02 

dll. 


IS 35.01 


9*602e?-02 
-U45X3£4-qj:L. 


3 15 35.01 
,a 15 44. ,?,3. 


3 16 0.26 9.3214b-Cl 3 15 4^^. 66 

NTC 
NIC 


74 

75 

76 

77 riA T 


-HXC 2 , 


NTC 

NIC 

NTC 


01 ^ 16 36.5ft 6.n346F, .0.] 3-.X5...-.37,^ 


CALIBRATION PROGRAM FLT CGND 


MFAN 

-8.9845E 00 
-2.3('69L 00 
? ^ 9 C 3 ? t CO 
-i.3ibie-0A 
5.0I05L 01 

-5^6?45c no 
“'3.6386L-— 0 1 
-l.T0V2L-vl 
3. 495 It 00 
J=r,u. 

“3.3i2bt“02 
4.9965E 00 
2.9372E-01 


SIGMA 


2.11C9H-C2 
1.2211E 01 
1 . 663 . ^F — a o- 


1.9447t-02 

0.0 


I . 7277F-a a 
<?.4996i--02 
1. 4567b CO 
1.9424L 00 
x.ft9i4r-.oa 
i.82ret 00 
1.06U8b 01 
1.3096ti 00 


-RM-S GAMPLtS 

P.9P46E 00 3053 

1.2427F 0) 3C54 

3 .^‘ P60 fc »00 3094 - 


1.33?4t-01 

3u54 

3.C10‘‘E 

01 

3054 

-E—jj-OA&i;.. 

-OQ 

— 

3.7606*^-01 

3C54 

1. A 667b 

GO 

3054 

3.998^ E 

00 

3054 
3054- 

7 .. Cfi2CE 

— 

l.n29K* 

CO ' 

3054 

1.1726E 

01 

3054 

I.3425E 

00 

3054 


9.6C28E-^02 0.0 

i; ...4 i .Q 3y-a . i . 

-6.6022E-O2 4.9091F-01 


9.602nF-O2 

X . 1955 . F --C a 

4.9409E-01 


3054 
. - 3 f? 4 - 
2715 


X.oaoSE-aO g. 82 6: fiE -iXU 3C54* 





OlItt-ITATTVF AMAtYSTS 

A/P NO* 0099 TEST NO. 0921 RUN NO. . 148609 COND 6 CALIBRATION PROGRAM FLT CONO 

BEGINNING TIKE. ENDIN G TIHF SAMPt E SIZE 

3 if9 lO'^OO" ~ 3 30 3G>00 3259 


variable 
“I lACG" 
7 YACC 
3 XACC 


MINIMUM 


_1 HM S 1 MAXIMU M AT_TJtM E.4HMS-)_ . 


2‘9 12.43 1.5'376t 00 


3 30 12.90 

-2.755yd-02 3 29 19,15 -2.9528E-03 3 29 33.63 
7.4l09t-02 5 30 16.06 1.2747E-C1 3 29 50. iS 

4 alpha. 2,3288(..00 3_29._12,62 5.06B5£_OQ — a_3Q_4^g4- 

5-bt.TA ^6.tlBiE-Ol 3 30 12.50 8.267VE-01 3 29 18.97 

6 TIM~7URB 2.U419E-02 3 29 53704 2.8240E-01 3 29 16.95 

7 IIM-A/S 7.15186 01 3 29 31.69 8.1616E 01 3 30 ^.63 

^8 TIM 7.1518E .01_3 29. ^£4iI616E_XUI 3^CL_2Q.^ 

9 ALTI 5.9936E 03 3^29 10.0(5 ^6,7450E 03 3 30 21.69 

10 aLTIFINE i.l463t 03 3 29 22.61 6.7866E 03 3 30 28.72 

11 ViAS 1.46746 02 3 29 35,00 1.5625E 02 


JlEAIi- 


1.1391E CO 
-1.20846-02 
1.0446E-01 
1.6Q39J£lJ3.Q_ 


SIGMA 


-RMS- 


.12. VlASFIf:;6_l.4502E .02 3. 29_ 34.92 1,5346^2. 

13 PELfr ~1. 25066 0(5 3 29 18.48 l,V530fc-01 

14 PAILRGHT 4.01546 00 3 30 21,05 5,07696 00 

15 PAILLEFT “6.2055E 00 3 29 39.66 -4.40186 CO 

46 PRUl)_ ^ 2. 79696-0 2_ J..29_ n,.0“ " “ 

17 AIL-niIfr^l,5806E 01 3 29 10.0 

18 RU0-1R1M -4.?264fc-01 ' ‘ 

19 STABWS 3.J.703E-01 

20 . THKULi: FT_ 3,46696 .00 3„30.„lit43 3..28§5t_QA 

21 TriRGKGriT 3.332UI: 00 3 30 1.26 3,61786 00 

22 FLAP -2.05686-01 ------ - -- 

23 CISC 23 DISCRETE 


1,56066 01 
3 29 10.00 -4.22646-01 
3 29 14.53 1.3019E 00 


3 29 10. CO -2.05586-01 


30 22.06 
„ „_9,.25_ 
. 30 22.43 
3 29 30.97 
3 30 22.06 
-2.9-1 
3 29 10.00 
3 29 10.00 
30 11.75 

I OQ— 

3 29 10.00 
3 29 10.00 


-2.59X1E-02 
1.2556E-01 
7.58156 Cl 
_JZ.^J5.76E_Q.1. 
6.4533E 03 
5.88986 03 
1.50856 02 
.. 1 .48 J19E-JL2- 
-6.062 1 E-0 1 
4.9017E 00 
~4.7053E 00 

Ti5Go6E'Tr 
-4.2264E-01 
7.6943E-01 
_3...65§2E_D.^ 
3.4V80t 00 
-2 .0558 6-01 


7.35006-02 1 
3.C0866-C3 1 
1.60676-02 1 

-2L.7361E-03 3 

1.6314E-01 1 
7.13336-02 1 
2.7925S 00 7 
-2.848.7£_P0 2. 


SAMPLE S. 


2.2243E 02 6 
1.3032E 03 6 
2.85446 00 1 

-2..7g26E_0Q 1 

3.37646-01 6 
1.15856-01 4 
1.08436-01 4 


.14146 CO 3259 

,24536-02 3259 

.05696-01 3259 

.61426 JiO 3259_ 

,6519fc-01 3259 

.44416-01 3259 

.58666 01 3259 

6130E .01 3259- 


J3..6JlD4£=Q2 1.2 


.4621E 03 3259 
,03236 03 3259 
.50686 02 3259 

.4873£.j)2 3259- 

.93BVE-01 3259 
.9C30E 00 3259 
.70666 00 3259 


0,0 
0.0 
2. 3096 £-01 

0.0 


.58066 01 
.2264E-0Z 
.03356-01 
«.6611£_flQ.. 

3.5O02E 00 
2.05586-01 


26 SAILRGHT -7.01756 00 

27 TE.fA 3.2440t 00 

28 PHI 1,52806 01 

Z9*SAILLEFT 3.5485F'aO 

30 6RUD 1,29766 00 

31 AIL-SIGN 1.23076 01 

32 RUD0SI6N 2,00966 01 

33- ' DC MONT 1.14246"“ 

54 HtAU 6.104i.£ OU 

35 NTC 

36 0 -3 .22436 00 

3T-”AC'HCTMT 2.413GE 'Oi 

38 NIC 

39 NTC 

40 P -3.60786 00 

41’CDDT 


3 

3 


3 

3 

3 


3 29 12.23 
-3"2^~39.66" 


3 30 32.62 




Tjir 


w 

T2755^ 

2.57U4T 


"3T 

• 24 

-2.3U33£ 

DO 

3 

30 

23* 12 

-4.849ie 

00 

6 • 

>.44 

6V77296 

00 

3 

29 

U.56 

4.41356 

00 

6. 


2.9639E 


3 

30 

n.7i 

2.59H6& 

01 


".TZ" 

-67239 GH 

iT(r 

3 

TT 


6.0646c 

00 


k.74 

3*09326 

00 

3 

29 

10.76 

2.2I81E 

00 

2. 

.19 

2.26 15E 

01 

3 

29 

37.80 

li9l03E 

01 

1 • 

>.C0 

2.0096E 

01 

3 

29 

10.00 

2.0096E 

01 

0.' 

L ii'06“ 


01 

~T 

"3zr 

2J*19 

1^X467 t 

01 

4*< 

UOO 

3*3797E 

01 

3 

50 

29. 83 

1.9490& 

01 

0.: 


7432 E 00 
74366-01 
2445E-01 
29436 00 


"471 
4.89576 00 
4.4574E 00 
4iJ&08BC OL 
^.08156 00 
2.23486 00 
1.91826 01 
2^0C.96f^l_ 


'1, 14676 01 
2.11616 01 


30 11. 61 1.1 194 E 0(3 8.1929E-01 


■ 39 ; SB — zrAiBcnn — o »u 


4.70 6 06-01 

TT4ricE=mr 


3 2 9 19 .86 -1.48 516*00 

3 - 2 - 9 — ijr; 43 — s^i ^5 E=or 


42 R 2.36576 00 3 29 19.27 3.60386 00 3 29 3.0908b 00 

43 ROOT 9.9569fc"-\J2 3 29 38.11 1.84916-01 3 29 10.12 1,45766-01 

44 RDUT 6,Ot?5c-C>2 3 30 i?.1 7 1. 3856 6-01 3 3 0. 12.25 ^0652tr01 

•45'RUAC l.H273E-=Oi“3“Z9~34:i9 r.filf4f^0 3 29^1. aS 

46 fLAC 5,82076-01 3 29 58.00 5.0660E 00 3 30 12.20 2.1289E 00 

47 RAAC -A.4946E-02 3 30 21.10 1.65576 00 3 29 23.05 4.039BE-01 

48 LAAC 2.21016-01 3 29 10.36 ' 1.27766 00 3 29 15.91 3.53836-01 

•49-KDoWkD-^--: 00 9S g -- Z 9-597 4 - y -^=r794? 8E ~ UU^ 33 -2 . 550 2E ' W 


5.184 1 E-01 

"r.'39T6F=7rr 

2.62496-C-l 
1 .34946-02 
5.12386-03 
“Tr4997E-0r 
8.3969E-01 
2.89316-01 
1.23996-0 1 

"27S530e=Crr 


1. ^7306 00 
"S;'4722 (T^r 

3.1019b 00 
1. 46386-01 
1.06646-01 
~8.'28366^r 

2. Z885E 00 
4.96896-01 
3.7^926-01 


3259 

3259 

3259 

_325.a. 

3259 

3259 


3259 

3259 

325^9^ 

3259 

3259 

_3259_ 

3259 

3259 


3259_ 

"3259 

3259 

3259 

3259_ 

"3259 

3259 

3259 

3259_ 

~32?9 



OlJALITATIve ANALYSIS 

•A/P NO, 0099 TEST NO, 0921 RUN NO, 148609 COMO 6 CALIBRATION PROGRAM FLT CONO 

„BIGINNING TIME ^ENDIMG-JCLME SAMPLE SIZE 

3 29 10,00 3 30 30. CO 3259 


MINIHU M_AT TIME (HMS> M AXIHUMLAT TIME ( HHS) 


VARIABLE ^ 

5o NIC 

6i TtTACOHM -8.2259E 00 3 30 12 

52 PHI CfMM -A-.190AC 00 3 29 42 

53. 8SI .7282E 0 0 3 29 2i 

64 uPSlCUh.n -2.2336L-0I 3 29 41 

55 cLcKSIGN 3.0105c 01 3 29 10 

56 NTC 


jaEASL 


SIGMA 


-fittS. 


SAMPLES. 


10 

.24 

4A 


7.0998B 00 
6.18 39|-01 


3 

3 


29 12,53 


-7.7950S-02 
-1.9088E 00 


09 -1.0620E-01 
.00 3.0105E 01 


3 

_29» 

-lU.IJL. 

2.1052E 00 


3 

29 

11.61 

-lo7075G-01 

3.08 

3 

29 

10.00 

3*0105E 01 

0,0 


2.5380E CO 
6,30976-01 


57 TETAGYkO -9-0420E 00 

■r8'"w‘ cYRcr^:o485t-Lii — S' 

59 RUO ACT -8.0197E 00 3 

60 fcLcVACT -l.tl90£ 01 3 


61. KIALACT -8.:i352L Q Q 3 29 25 

62 LTAUACT ~6.jaS6E 00 3^0 22 


63 PHI GYRO -3,1176E 01 

64 P GYRO 2,2472fc-01 

65 NTC 

36 NTC 


3 29 10 
3 29 10 


3 29 _4Q. 1Q- 

_ .0963fc-02 3 “ ■* “ 

12 6.503CE 00 3 

40 1.4118E 01 3 

.8 2 6. 043 4E 00 3 

72 6.3627E 00 3 


29 1 1.44 -1. 0153E 00 

29 10,00 -8. 

30 21 
29 12 


30 12.20 

29 .21.53 

30 11.78 


96 -2,7586E 01 
,46 6,74156-01 


29 15.91 

30 20,36 
29 li,39 


-3.20606-01 
3.9023E-01 
3.5354E 00 

-2.9695E 01 
4.2978E-01 


5.43196-02 
1,50896 OO 
3.7519E 00 
JU92.il£_DQ_ 
1,82216 00 
8,0749E-Ol 
8.1823E-02 


2-6391E 00 
2.0104& 00 
::..Q£L 
1.7352E-01 
3.0105E 01 


3.25176-01 
l,5Se6fc 00 
5.1552E 00 
■ „314aE_QQ_ 
1.82226 00 


2.9706E 01 
4,3750E-01 


67 ALT-LO 
66 ALT-00 
— 

71 

72 

73 

7^ 

76 

77 OAT 


sso 

9^6Q23B-0Z 


3 29 10#00 9.602SE--02 3 29 X0*00 9*6028E-02 0.0 


9*6028E-K)2 


'NTC 
NTC 
NTC 


3 29 t6*0O -i*7376fe-^ 3 “30 13^55 -^^5^0E^2 1*0902E-04 2.3580E--02 


NTC 
NTC 
NTC 

4>8396g 01 


3_29_4g _.33 4^9645E 01 3 29_L0. 0Q 4#877 9E 0 1 3>.4 67 2E-Q1 4>878QE Ql- 


3259 

3259 

323SL 

3259 

3259 

_3259_ 
3259 
32 59 
“3259 
_3259.. 
32 59 
3259 
3259 


3259 


3259 


3259 



CUALITaTIVC Ar >, V .L YS . V$ 

A/p NU. Oa<y9 TtSl NU. C921 RUN 12461A COND 7 

h}>^r Tfv^j TMU T TV,^ _ r MOT^jr TYMi, ,MPf.F.^^;.V4l; 

3 M 20^01 3 3;i 3<i*01 2B52 


VAKT/JJ !- 

1 //^Li. 

2 YaLC 

3 

5 >.t TA 

6 TIM-URl^ 

7 rK't-A/i* 


i r TT Vf’_ fl-IM^. ^ 


0 -va 3 3b 2 13 1 
.It^rA -U2 ? 3r 22*77 7 

1— r2 3 :n 5V.l‘3 7 

1 ^ 1/. » t.n V T, ^ 


MAV)MMM AT TTMF U'.MS4— 


9 ALII 
10 A L71 FI Mi- 
ll VU\b 
1 > V/ T f ^ t'liiJL. 


:.a 3 ?r< 3 

3 *37 33. C2 3 

7.] t>lM U1 3 37 3?.7U P 

■V^if^i r i - i :\ rr .3r^^7(t — l 


*3i33r- 00 3 

♦ IPi/ub-O? 3 

• «l'L?L-02 3 

< f f\n o. 


13 Kl L 
lA PAJLKOhT 
It> PAJ LLI HT 
JL6i_liiUJX 


2*RS13L 03 3 37 25.3V 3 

2.l.70At 03 3 37 ^3.^6 3 

1.^5?7P 02 3 3*^ V>.07 I 

3 3 C. .1 ^ :.^.j7 I 


UO 3 
• ti7^F no 3 
•27'pt gi 3 


3n 3 *6^ 
3P 1*.., 05 
3b 17^27 

3Si £i.>.66. 


uU 3 
5.3{^5fc-Oi 3 

-6.C27ra-01 3 

i- 


.397i^L 03 3 

.UC'lBfc 03 3 

.5S44f 02 3 

rt*/> 


?7 

3P 24.41 
37 M/..01 
37 4^ ‘ 1 79 


37 5*/., 69 
37 26..09 
37 26., 89 
3.7--,^6.^L4:- 


17 AIL-Tf'th :‘.i7V5u uO 3 37 ?O.L0 3 

10 I'Ui -TKIH -4. 22641-01 3 37 20. UO -1 

19 $ fA':p05» 5.377CC-0I 3 37 30.09 7 

:>U ,Th KL?LlFLr__J2.gLilIl AEL.-L:.0 V ?7 ?t..or 


^7 31. ^.4 l.iC:‘7k-Cl 3 37 3,0.* V3 

37 41 .ro K3F^*6b 00 3 37 36.. 79 

37 4o.V5* ^.C.O'-'Bb-Ol 3 37 AC., 99 

'A7 .-a,?, 


.5390b 00 3 

.P*n?E-01 3 

•n75«b-01 3 


21 TM-’MKltsT 
?2 FLAP 
23 23 


38 4..R2 

3C 4..F2 
37 20.. 00 
37 ci*i,.r.C 


2b ibLi 

26 SAILKUHT 

27 UTA 



29 SAILLI FT 

30 bl:iM 

31 AlL^.SroN 



33 OC KWKT 

34 nt/D 
3b 


2.761M’ CO 3 37 20.94 2.77791 00 3 3/ 22.14 
-2.0b"..^F,-ui 3 37 20. oO -2.035Pb-0) 3 37 2U. OU 
Oil^CXLTl 


-.''.7^611; yO 3 
“7. 4 3 69 F OO 3 
6.7'^32f-U2 3 

_-r3^ ^^3 I.L 00. 


-4.1i."?lL (*0 r» 
““F • (j 2 o f 0 0 3 

b.J4A7r oO 2^ 
3_ 


2.7 d6.40 
37 33.16 
yf 3H.21 


38 

39 

40_J? 

41 ( i*ur 
K 

KO'IT 
; f;'.!T_ 
kuaC 
l LrL 
P-AaC 


AL ^*.C)nT 


1.1373^ U) 3 
2.7('buF 01 3 

A:rc 


33 17.09 
3n 19.79 
36 !>.C.O 

::.A 


P.r026fc UO 
7.2297E 00 
3.9'’‘L9c 00 

T >?7ir4i:— L i, 


37 20.79 

38 16.94 


6.F37fj2 CO 
6. 42781 uO 
01 

>M-S6F 0 1 


3 37 

2 36 

3 37 
3 .%7. 


1.1731L .01 
2. 7612b 01 


3 37 
3 37 
3 37 


38.46 
10. ,20 
5^ ,i6 


3 37 
3 37 


33 .. 23 
2C..0U 

20.. CO 

SLCL.JUy. 

36. . 72 
30, 32 


2JL 


2.44 3f-L c;i 
MO 
MTC 


3 37 ,o?.2b 


.2 3 3 7 . E 6.,.n.q- 


»421UF 01 3 37 36, .67 


^ 42 
43 

_44. 

4b 

46 

47 


.39 291 “*c : 


OC 3 
-4.2^71 L—U 2 3 

3. 


:g7 4,L^?3 {W\ 3 ■■‘^an. .T.7.,a2- 

51. ?4,i2 i.9294t-01 3 37 32. .99 

j 7 20. C3 2.6vr>6C 00 3 37 29,50 

3? 20.07 3.!>b60*;-01 2 37 36, bb 


^48_LA^.u 


i V'/3P4t;-0) 3 38 19.49 b.Oui 6b 00 3 36 

9.8207C— 01 3 37 38.44 4.7V30E 00 3 36 

1.5266l>02 3 37 27.11 4.ibii5£ 00 3 37 

2.2101b->nH ^-*7 3_37_ 


4. 68 
0, 62 
3?.,32 

*3 - *^7 


'49 KUUTuYKU -2.0249b UO 3 37 29.53 l*b045E 00 3 37 20i.03 


CALIBKATinN PROGRAM FLT CONO 


WFAM 

1.(jCC'>F 00 
-l.A6«3t-02 
3.92iuP-0? 


3 ^ T o ) r > I ^ 

3.lSb7l -Cl 
l’.079+b 0 0 
7.731 9L 01 
7.7M9F fil- 


?.9C3^F 03 
2.9243E 03 
1.9317L 02 

1 ..i,>?- 


-5.29OCC-01 
9*40?br-<Jl 
-l.b558E“01 
1 .972 f.P-Cl. 


. 3.1841b CO 
-4.2?b5r-01 
6.4051L-01 


2.76&3fc 00 
-2.09386-01 


SI C. v . A 

9.9574r-02 

?.42^5fc-U2 

V.ll?r.c;-n3 


9.2170L-CI 
4.41?6F-01 
2.? 199b CO 
-42.^S.9L--i9CL 


3.604 Ih 01 
2.45371- 01 
2.5649. CCJ 
o ^ f . r ft 


2.8623 1-01 
1.4?17f -01 
1.3509E-01 

2./4?5b-02 

4.5?b2L‘-03 

5*33236-02 

JXU: 

3.4678F-C3 

0.0 


■RM.5; SAKfi L^ 

1.0C35F 00 2848 

2.94726-02 234B 

4.C?bl5b-^2 ' 284L 

r ■ 00 2 84.^ 

‘>.74?2F-01 2P4 8 

2.0?TC^' 00 2348 

7.733Ct 01 284C 

5L^74^9CU-_C1 

2.9037b 03 2F48 

2.S245E 03 2848 

1.331^6 02 2848 

a.5X.?:?r np 

6.0226F-C‘1 28-^8 

9.50V4h-Ul 2646 

2.Cf04b-Cl 2848 

28 4 8 ' 

2.18428 00 2348 

4.225CE-01 2843 

6.4292b-01 2R4S 

> f.n 2-$-^ 

2.76r3F 00 ?848 

2. 03586-01 2848 


1. 7736b 00 
-3.1936E-0I 

1.9493t ou 


'y./^vrOE-Ol 
?.608bF-Gi 
2.2?15b 01 
K F.4 ^ ?r:-nx, 


2.3B40b CO 
2.56?uf^ 00 
7.46Cir-Cl 
1 no_ 


?.<^714£ 00 
2.3P5b£ 00 
2.0fj74 6 00 


1.14446 01 
2.7350E 01 


1.83Cbt, OO 

2.9941c 00 

1.43366 CO 
4, f.»-r>7r rig 


2.41996 01 


5.76246-C2 

1.3924t-07 

..Q,7r36r.-r/g,, 


2 . 120:6 00 
3.C9-7 3r: 00 
2.22616 01 
i,r:>92r-uu. 


1.1444E Oi 
2.735OE OX 


1.1299L-01 2.419VL 01 


2843 

264P 

2843 

€ 

2P48 
2 £43 
2848 
2 ^5 4. 


2S4? 

2643 

23 48 


t>2 


.^■T nn _i ^ Q9/_,r>p- nn 2$6.a 

6.6168h-02 2.'^2V4:'-02 7.08?PF-K‘? 2843 

r.CblSt-^C? 8.^4X4F-Cl e.9457C-Cl 2 3 48 

1.46l2f-x:l 4.7<^74L-C2 1.538UF-LU 2848 

1 .roAS>r,.^Ai T _Tr,t,-/r-r :> i ^ 2XU*Ji. 

a.}7e?b-0J 5.0164&-01 9.5941‘/-01 2S43 

2.3232E OC . 7.69151,-07 2.4472E Uu 2343 

5. 69906-01 4.6259G-01 7.3417E-01 2343 

g^2R7fLA...ni A^?rftz.r^ji — : — 

7.3432E-03 6. 57696-01 6.5774E-01 2848 



l . UAt - ITATlVt: . ANA t.- Y? - l .^ 

A/J- NO. CO<<9 TEST NC. f92L RUN NO.. 1246X6 COND 7 

■bhUlNN l NR ..TIME. FNQINr, Xl-Mr SI 7F- 

3 37 2U.01 3 32 30. U1 285? 


VAP Ta? t : 


AT TTVi- fhMT.) T .(.>■!«£■>- 


5U NIC 

51 Tfl ACCOM -6.35*11 00 3 37 32.40 5.5790fc 00 5 37 33..41 

5? Cf ^•^l -\.;.05 ‘jL 01 3 3« A.V7 1,1467c 01 3 37 32. 27 

6 3 t' S I t t, ^ --to ir .77 7. 47 3 Iff CO 3— 3£ 4,-33- 


3 3ft 13.48 
3 37 20..OO 


54 Ol'SlU'f’K -3 ,vii?6!: 00 3 jfi 4.75 1 .1606t UO 

55 LLtKSlCN 3.0)li‘ifc 01 3 37 2C.CU 3.0105b 01 

56 NTC 

57 1CT/L.Y t <rj..-3^ ?vl Ab PO ■=■. 5A.Tf< l-,n.2,6a£.-=QJ 3 3.7-?A.>r,2>~ 

5H 0 OYi-.U -4,04.551.-01 3 3.T 24,46 l,7775t-0l 3 37 57..61 

5V ''CO act -2. *5330 01 3 3fc 4.4C 1.1.417L 01 3 3E 4,75 

60 ‘LbVACr -l.JlO.yb 01 5 37 49.66 1.59«3e 01 ?, 2H 24.41 

_6.L,_tJrALAr.T -1 . 75 lliP Oi 3 . 3 7.-32-.43 V .0? 058 ..0.) 3 - 3 7 . 3 t ? - 7- 


62 LIALAlT -1.65«2r: 

63 PHI OTKU -2.93541: 

64 F GYRO -4.71vlt: 




01 3 
00 3 
00 3 


37 35.27 

38 17.76 
53 17,32 


1.52.2Pfc OX 
3,fi478r 00 
3,3202fc 00 


3 38 4.. 90 

3 37 56.. 35 
3 37 4I..2L. 


66 .NTC 

67 aLT-LO C50 

6.0 ALl-GO 6.2916t~02 3 37 20.00 7.4473E-02 3 37 20,50 

6 6 I rr SSJX. 


70 OLIO -4.765 9L-01 3 38 29.05 -1.1667E-01 3 37 2S..52 

71 NTC 

72 NTC 

J7J3 till. 


74 

75 

76 

77 flAT 


NTC 
NTC 
NIC 
■ OOGlf- 


JU ft -=K7 ^1.74-49F 01 3 . 3.7-54. jxa- 


CALI8RATI0N PROGRAM FLT COND 


NbAiN S16XA RilS SAM P L re- S 

-5.S934F-01 CO 2.0274S 00 2848 

9.3V57t-02 ?..^0ft4b 00 2.2106E OCi 2848 

i.ir.cih 00 1 .7'i4qr;...no g .,a6 C7f. ... Ou S 3 -4 J - 

5.9vr6r.-(i2 4.0346F-01 4.C789L--C1 2846 

3. OK, ft 01 O.C • 3.01C56 OJ 2846 

_■! g-T7c, p r.i', ■ 7,7/^-.-.-?r_A7 — — 1 . 7579C Q C 25-4?- 

-l.'.'."*;?' -01 4.‘'6?ir-C2 2.(l46Pt-01 2C4ft 

-4.f4?6L-01 4.3150F 00 4.34?lf: 06 2348 

4.42F4L 00 4.0725F CO 6.CI63E CO 2846 

-o,P,,AAr-./LT i. . :.8 £Ct— CO 5 .4. 7rPF 00 28 4 8 - 

Z.2832C-01 4.6Ra6E 00 4.6942E 00 2P48 

-6.758flt-02 1.19?0fc (;0 1.1939E 00 2843 

4.2158E-0I 7.537UE-C1 8.63598-01 2848 


6.3L02E-02 1.7451E-03 6.3126E-02 2848 

■3.2767E-01 1.0492E-01 3.4406E-oi 2848^ 


8.AT77F A -j ^.Aynnc-fiT Bj.ATTTg-AJ 2*45. 



qualitative ANALYSXS — 

A/p NO. 0099 TEST NO. 0921 RUN .NO- 124617 COND 8 CALIBRATION PROGRAM FLT COND 

BtMNNING TIME ENDING TIM E SAMPLE SIZE I! 

— ^-%Xr-5XT7Ul 3“"4T 2038 


VARIAfiLc 
~T"7ACG 

2 YAfC 

3 XACC 

4 alpha 

^^CiTA 

6 ■fiH-TURB 


HINIMl'M AT TIME 
r.'TTSGF^Rn J 
-6.200eE-0? 3 

-8.3VV3E-1-2 3 

6.84V2E-0? 3 

- -j- 


■mi 


•7 

0 TIM * 

"T^’*7LTT 

lU ALM\-lUh 
n ViAb 
I? VlAi>HMF 
-IST’TCl!: 


.OT^T /lr XlCr 
7#V0j7C-O1 3 

3-.3371E 01 3 

3*3371E 01 3 


^0 5^ 
41 S 
41 17 

'Trm 

41 23 
41 29 
4] 30 
-40-1^3* 


MAXIMUM AT TJMF <HMS> 
Pf7 l«^498t 00 


.Ot. 7.87A0&-O2 3 

.42 S.8l8lfc-C2 3 
,17 4.58908 00 3 


■2'.7fT3C£“XF3 — 3" 
2.7V376 03 3 4i 3Jt 

9.3334r 01 3 41 32 

6.6274h 01 3 41 5 l 

-I.e780ETCro 3-4-i— JTT 

14 PAILP.GHT -5. 0961 e OU 3 40 53 

15 PAILLLPT -5.7169E 00 3 41 IS 

16 PRLI) -2.63l3r 00 3 40 54 

•I7-7TL=TRXM 


ib<t 3.5 4-65 1 00 
,P1 1.C4S4BO0 3 

,C3 7.15186 01 3 

.15 7.15186 01 3 


T* 


37— 3T1 9:*9r“o’3" 3 

.46 2..37<!6e 03 3 

.?4 C2 3 

.70 1^437 6£ 02 3 


j*0769r’TJT3 — r 
i& f*UL— TRIM -4 *2 2646 -01 3 

19 i-TAEiPOS -9.6044E-(a 3 

IKKfJLlFT 2*6S01E CU 3 
21 IMFCTFX^HT 


““7*25335E'*Tro — 3 40“ST 
-2^055Bb-01 3 40 50 

DlSCPl-Ttf 
UISC^ETfc 


— 2*By3/c-01 — 3* 
.71 6.28BSt 00 3 

.53 5*6514E 00 3 

,20 3*70426 00 3 

“41 2T45 — 3T7K4Ern3T5 3^ 

40 50.01 -3.0IBBP-01 3 

41 21.71 8.0948E-01 3 

40 57.79 3.4S676 00 3 

i^.40^/t uu 


rrsr 

.01 


4.20006 ul 


4i 

41 1^.14 
41 39.44 
0 56. u5 
T^.<^.76 
41 12.34 
40 56.07 

40 56.07 

41 1^.45 
40 56.12 

40 

41 l4l51 

40 53*69 

41 37*59 
41 37.59- 
41 24.44 

40 50* OX 

41 

41 27 I 4 I 




f.095C6 00 
1.06ifE-02 
-1.6W0e-O2 
_ 2^42356 00 - 
-1.135 46 00 
1.1777E CD 
4.86976 01 
4. 902 86 0I_ 
2.b I05“t“03 
2.8302E 03 
1.1638E 02 
50 8 6^2 _ 

lllOlli-Ol 

6.09436-Cl 

-1.36736-01 


SICMA 


1*31246-01 
2. 83 F 06-02 
4. 60846-02 
.408 86-01 


,JBaS, 


1776356 00 
2.25B2L-01 
3.2604E 01 


1.1C2F6 CO 
3.0r00b-02 
4.8046C-02 


-SJ5>j[f£,L£.5- 


01 

0] 

OL 


?*097 4t 00 
1.19^2E 00 
5*C3(»IE 01 
JinOiLQZlLJlL 


i 

-4.22586-01 
-1.9547E-01 
2.B3356 00 


2.88156 01 


2.>BB9r __ 
1.72536 01 
1.76 676 01 
*7;774T9Tr=Hjr 
3.451 2E 00 
3.3773E 00 
1.59556 00 
“727rT>7F=TT?' 
2.66266-03 
6.74Sr.6-Dl 
4^ 53?7& - q i 

ii . . 662 0 h— U 1 


2*81076 C3 
2.A?93t 03 
T.176SE 02 

^,L277ET=S^r 
3.4529E 00 
3.431PE 00 
1.60 13 E 00 

A.22S9E-01 
7.02A1E-01 
?-f 449E 00. 
Z.TL'Cai;- ta. 


1.494-5E 01 3.24S8E 01 


22 I-LAP 

23 OiSC 23 

— = 7 V 5 ir s ^ r'L'^Zn 1.2:>'S'Sb;"Ui: 3 A-I SS 

26 SAILKGHT -1.3513E 01 3 41 28. PO I.5087E 01 3 41 J2.1^ S? nS ?*cl4tl nr 

27 7(-lA -2.225y£ 00 3 4i 11,71 3.2440b CO 3 40 65.02 7.946/E-Ol 1.3512E 00 1.5676E 00 


2038 
2 C3fa 
2038 

jLsao^ 


2 038 
2 038 
2U38 
JLQL2i£L 


2 038 
2038 
2 036 
2 03_^ 

”2 w J b 
2038 
2036 

"203” 

2033 

2036 

2C3a 

203ir 

2038 


203r 

2C38 

2038 



r r < j. ~T . £ u .> V. ^ 

•?: ii:crFT~r,2G9Ft oi 

:> 

-Zfj- 

16.12 

' J'.3XT7F^ 

01 


■tr 

Ti72i 

-2 .64 70 1 0'0“ 

~773¥97'E”ir(r“ 

Y.VOOlV 

W“ 

2033 

30 

OKUU — 9*04i^3E CO 

3 

41 

18.42 

C.30C9E 

00 

3 

41 

31.09 

. 1.1C19F 00 

2.70AU’ 00 

2.920CE 

00 

203 S 

31 

AlL-SIGN -2.03«6b-0J 

3 

40 

54.55 

2.26I5C 

01 

3 

40 

50.01 

2.1062E 01 

3-89LCE 00 

2.141BE 

01 

2 03 5 

32 

KUuJSIGI^ -7.657?e-01 

3 

41 

1R.38 

2.0096b 

Oi 

3 

40 

50.01 

1.9509E 01 

?.57f53E GO 

) .9679c 

07 


3T" 

"HDrrr ■ i • i zrct oi ■ 

-7T 

'TT" 

la .22 

i.r/iic 

01 

3 

“41" 

T!r;47“ 

l"-r369t "bi 

8.!?I — >2 

1. 1369b 

01 

2 J.-Sd 

34 

HLAD 1.4S90E 01 

3 

41 

17.10 

2.7120c 

01 

3 

40 

50.01 

1.9865F 01 

3.7675'E CO 

2.021 9E 

01 

203S 

35 

36 

N rc 

U -3.S4!i5E 00 

3 

41 

38.03 

5.8313e 

00 

3 

41 

12.14 

1-0151E 00 

1.7253E 00 

?.QPirF 

00 

2038 

3T“ 

AC“miNT — 2-.'^ i3ur*Trr“ 


"4U 

-5'475^" 

2-9 ^90E“ 

01 

3 

41 

24.2V 

2T439Tinn 

2.^ 13Ut.— U J. 

2.^4,9Bfcr 

01 

62 

3b 

NTC 














39 

40 

N f C 

P -1.96672 01 

3 

40 

54.30 

I.39H0E 

01 

3 

41 

16.66 

-1-1R25E 00 

5.6969L CO 

6.P2U3F 

00 

?033 

>4 T--rDnT 5 . 1 4701= =T5^ 



24 .37 

i .4iiyL-ui”" 

3 


Jl ^ 

6. rs> f'>tr-u2. 

Ti tr— 02 " 

f.L« j f 

2 U' 8 

42 

R -6.30136 CO 

3 

41 

3 .46 

5.6674E 

GO 

3 

41 

23 . 34 

-1.1S77E 00 

3.2972E CO 


ou 

2C38 

43 

PljC'T -4.2671 e-02 

3 

40 

59 .73 

2.9371F- 

-01 

3 

40 

54 . 67 

1 .4484t:-Cl 

4.7926i;-02 

i.52^6.t:-01 

2033 

44 

Aut.T 6.92V92-0? 

3 

41 

12.29 

1.3S56fc~01- 

3 

40 

5V.93 

1.0fi?6E-OI 

1 .C44Tt— 02 

I.flP77E-0i 

2C3 8 _ 

A’T'KUAC r^43n4r--=Tjl 

“3' 

“z?r 

4.29 

5.3i7UIi 

TTcr- 

"3" 


”147 4Z“ 

5".y VU6fc;— VI 

STGvLiic— or 

b . i; o6 8 1 — {/ 1 


46 

1'LAC 3.4813r;-01 

3 

41 27.23 

4.4031c 

00 

3 

40 

5^/. 63 

1.8 574E CO 

8. 17&2t-01 



203S 

47 

KAaC 1.3266E-02 

3 

40 

54.57 

4.2367c 

00 

3 

41 

37.54 

5.9322F-01 

4.0265E-01 

7.3696e:-H>i 

2038 

4b 

LAaC 2.2101E-01 

3 

40 

50.62 

3 -430 IE 

00 

3 

41 

37.54 

6.8926e’"01 

3.0236c— 01 

7*5266b 

-01 

203b 

•4^-KUU7GrRQ“"-^”6T55E 00~ 

”T 

”=n 

■*23744^ 

5.70’9’S^ 

ou 

“T 

"4F 

zzs^ 

l.U6Dlb uu 

2.71bbt “CRj““ 

zWiVCfc" 

00 

2 Odd 



V<o 

S3 

Ji- 


A/P NO. 0099 TEST NO. 0921 


RUN NO. 124617 COND 8 CALIBRATION PROGRAM FLT CONO 


BEOINN T MG TIME EN DING TIME SAMPLE SI 

a ‘tO 70 .'-•X J 4i 40.00 ioiv 


lACLE MINIMUM AT TIHF 

rtlACOMM -B.9279L CO 3 
l-’tll COMM -l.IVVOfe Cl 3 
■’SI ((.MM -4.'/?0?H CO 3 

TP irrc n KK ' -3 , 4 6 v. r ' cts — 3" 

LtRSlON 3.010*^1 01 3 

■ NTC 

fklZ-OYRO -4.0104F CO 3 
: q ~ CYRO -=•! -Cl 9 3 — 3“ 

<Uti ACT -2.4533E 01 3 

:UVaCT -1.3Pr{iCfc OL 3 
vTALACT -1.7744F 01 3 

.Y A L7 CT =r . 6 C 1 YFYIT — 5“ 

•<111 OYP.O -3.309ofc Oi 3 
P GYRO -1.J910E 01 3 

WTL 

NTC 

^LT-LO OSD 

\LT-OD 4.6359E-02 3 

aiC -9.6CHE-01 3 

> L TO =9T0 S P7c=UI — 3“ 

NTC 
NTC 
NTC • 

NTCv 

NTCf 

3AT 5.382BE 01 3 


41 18 
41 23 
41 If 
"4T~I^ 
4C SO 


41 34, 
41 38, 
41 20. 

41 23. 
41 16. 


f MAXIMUM AT TI 

S.BS 1.C493E 01 
1.61 1.445.4c 01 

.40 E.35? 4 h 00 

f.3T7 l,CC73tnjO“ 
‘.01 3.01056 01 

1.59 -2 .96516-01 
>.C8 5.33346—01 

I.G9 1.9757E 01 
:.32 1.28 296 01 

f.34 2.01 C5E 01 

iTm JTT54U5.- 01 
1.68 3,82296 01 

..86 1.68546 01 


3 41 2‘*.32 
3 4-i 12.12 
3 41 T^*.60 
3 41 2^4T 
3 4C 50,01 

3 4] 11.73 

'TYTT^tr 

3 41 24-. 51 
3 41 29.64 

3 41 0.46 

3 40 54,32 


41 24.29 6.29166-02 3 40 50.01 
41 10.57 1.4SG8E 00 3 40 SO. 01 


-1.7675C 00 
3.06436 00 

3. Close 01 

-1.82316 00 

"9;3i.64fe-or 
-9.6052E-01 
2.7228E 00 
-2.57846-01 
^.42486-01 
6.46366 00 
4,53626-01 


6.2826E-02 

-5.37SSE-03 


3.93526 00 
7.99796 00 

"3 10 1-01“ 


-?.^ 777£ -Ql 

4. 3 8 (To 6-0 2 
4.15126 CO 
4.4818E 00 
_4i0^a£_£l£L 
5 • 7 43 Q fc L»0 
2.23656- 01 
4.01046 OC 


1.2156E-03 

6.-9.f426-01 

n[T6l25t-62 


4.3J39E 00 
8-564.86 CO 
2.2 0756 00 
3. .4 9296-01 
3.01056 Ci 

.^£5.94£_(1£L 
1.03316-01 
4.2478L CO 
5.2441E 00 
_4.<ia6J3=_0iL 

5.S0526 OO 
2,32806 01 
4,04396 00 


6.2838E-02 


41 19.83 S.70876 01 3 40 59. 



Ol'ALITATIVE ANALYSIS — 

A/P NtJ, 0099 TEST’NO. (.921 RUN NO. 124617 CONO 9 CALISRATION PROSRAH FLT CCND 

B £6 INN I NO TIME ENDIN G TIMr SAMPLE SIZE — 

— r^PTi 


VARIABLE 
TTACG 

2 YA( C 

3 XACv. 

4 ALPHA 

”*TTETA 

6 HM-10Rfl 

7 TIM-a/S 

8 1 IM 

“9'7LT1 “ 

10 ALTlf-lNE 

11 V 1 Aj> 

12 VlA6plKfc 

73"FFLr 


MINIMUM AT ’I I ME 

6.2 1141: -Oi J 

-6.4VMt-02 3 

-6.99P?fc-02 3 

-1 .i;3o::t 00 3 

— r . jG 7IE‘ tu 




U1 

01 

5*1470b-35 
V.26CSfc UX 
6*o?<^6h 01 

uxr 


T^.3 I 

45 43 " 

<♦5 34 
45 43 


HAXIMIJM AT TiFig 
'^-’00 3 

U2 3 


.73 9.64576- 

.14 7.2133E- 

.P.6 5. 47956 

.i>u 5^ 50 39t 


.29 2*6072r 

.H(J 4^45906 
1.90 4.45906 


■-i^.2I65H"TTU 3- 

14 PAILkOHT -1 .0769E OU 3 

15 PAILLI fT Cr7>Tl69E 00 3 

16 PKUu ^13 .4A42t:-Ol 3 

77 TL-T7^ TM — 3 ; 0769 F ^VU T 


44 5 

4? 4f^ 

42 Art 

44 ?2 

45 IV 

43 28 , 

7V5"^74'9r-=7:7?3r<JF^ 


.6/6 3.6 5 6yt~ 

.66 3.04V5E 

' .V7 1*12 62f 

;C7 1.1227F 


G? 3 
UlO 3 

W J 

00 3 

01 3 

01 3 

— 3* 


43 39. S5 
42 49.93 
45 lijrXi 


43 25 
45 30 

•^3 /i. 


.1264fc-01 3 

-1.-665!: 00 3 

2.7149E 00 3 


• 6703 r*1jO — 3~43 T 

4.17A7E 01 3 43 40 

UlSCRfc.Tr 
L'lSCPtlE 


in IVUU-TPIM 

19 SlAi.fc-'S 

20 (hhnLrFT 
■27“rnRCIRCHr 

22 f-LAP 

23 UlSO 23 

24 UlSO 24 _ 

•25~rrL' L’ -7 ;T9?'2 tr“Ct5 3 

26 HAILKGHT -1.3403E 01 3 

27 li fA -5.57ftA£ 00 3 

28 PHI -1 .0287P Ol 3 

r9-5 A irt £ FT"' = T -2 97H~tn S' 

30 SRljU -9.1. 17il£ 00 3 

31 AIl-SION -9.960?e-Ol 
3? RUUU31GN -9.72J ‘•■t-Ol 


.63 6.2385fci 

.71 1.80U2E 

.43 7.685 IC- 

v,2"3T ':?3 — TTH^TTC 

42 35.01 l.SllAB-Ol 3 

44 51 .09 -1.4726E-CI 3 

43 8.50 3.4091E 00 3 

3^2C‘>9t 07J T 


03 3 

02 3 

02 3 

cn y 

00 3 

CO 3 
00 3 

■Ct3 — y 


45 21.46 
45 39.71 
45 ri. 60 

42 4e.ir 
42 56.20 
4? 30.31 
47 4f-.29 
44“4T,Sir 


45 30.74 
43 ?5.65 
47 37.^8 
40 54.42 
4? 40.34 
45 39,12 
42 40.21, 
42 40.0^5^ 


MP/.ri 

9.8526E-Oi 

2.136OE-02 

-2.5921E-02 

7? I 

-2.2OT? . . 
1.57S9E 00 
3. 70446 01 
3.«100E 01 
2.4131'L^r 
2.4307fc 03 
1.0149E 02 
1.0073E 02 

-2.33?2imr 
1.5012E 00 
-6.3604it:-01 
1.1071£ 00 
3.1616E 06“ 
-l*8‘^*76c:-01 
-6*7419£;-0X 
2.?^?6R£ 00 


-SUGiiA 


V*U73E-02 

2*7794t-U2 

2.3C3UE-02 

..978HH 00 
4*712UI'-01 
2.0Z22E 00 
2.029fn 00 

£2- 

02 
00 
00 


_£ilS SAMPLE S 

9.4C12f-01 


3.0£.i-Vfc-02 
3.017Re-02 
OOQ P F PC 


55 4*2800t 01 3 42 35*0i 


2.76V3-t”(J6“ 
4*26106 01 


^.47U3b 
4.606U 
3-2523E 

6.62^01-01 

6.943<^b-01 

4. A 5 53 £-02 
1.S649E-01 
2.43439-01 

^rrij379E=ur 

2.1217&-01 


2.6587E 00 
i.6A7Pt' 00 
01 

_3..Ql5.4Lvl 
2. 4 542 t 03 
2.4740E 03 
1.0105E 02 


2. 

1.64 90S 00 
9.4166E-01 
_Lf.U72Jl_£!Q_ 


J.161.^c O^T 
1.VXC3L-01 
6.9"'5ia-0I 
?.n:^73f: 00 
“?V7772FU(r 
4.2611F 01 


A 5 

43 26.22 
A4 45.00 
45 16.77 


3:r — ro KHK 
3 A bJ t A D 

35 

36 0 


TTr 
l.tlvAh OX 


1.5 191E 01 
1.65601: 00 
1.1777E OX 

i /b“(Tjr 

7.6249E: Oa 
2.2615P 01 
2.0096L 01 
-rn*?s4r7rr 


45 21. XV 
43 46.41 
45 3.1H 

43 40 .X9 

45' iO .46 _ 

44 27. b7 1.9529F- 01 


■ 3“ ~ 4V 
3 45 
3 42 
3 43 
3 45T 
3 43 
3 42 
3 42 


3 43 
3 43 


■777757“ 

21.58 
55.29 

23. 58 

3.5.01 

35.01 
“47775^ 

4r . 68 


"■2'3031t“U(r 
4.67205 CO 
-1.9726E 00 
R. 28045-01 
ulT 

1.0698E 00 
2*13935 01 
X.943CE 01 


4. 3135 5 ISiT 
6.2270= GO 
1.3643E 00 
3.3R32b 00 


l.T3z^t 01~ 
1.8086E 01 


5.“TuS3h: UCJ 
2.9214G 00 
2.6n03fc 00 
2.4877F 00 
‘7773'vrf-Trr 
3.1304b-0X 1.BBB9E 01 


4. 

7.7^48E 00 
2.3984c 00 
3.4R315 00 
"6.ov3 3t:riiir 
3.11175 00 
2.2C565 Ot 
1.95895 Oi 

“iTr?5vr or 


38 

39 

4 0 P 


42 K 

43 PL'OT 

44 P.DOT 
4 5"KU/'C'’ 

46 k- LAC 

47 KAaC 

48 lAfiC 


-3.G25C5 GO 
-B. 5344 5-02 
6.<^27VE"0? 


-r.-'437J4C^(n — 3- 
3.09145-01 3 

1.32665-02 3 

1. ft) 875-OX 3 

■ -3T 


44 26.49 

45 19.13 
43 40.41 


42 51. 

43 1.54 
42 36.31 
42 59.97 
43"24Tra“ 


4.6769b OC 
3.27165-01 
I. 50X05-01 


"5TOU^Tr5"77Cr 
3.5453b GO 
2.90715 OC 
2.41265 00 
3.135^5 0“0" 


3 

3 

3 


43 

43 
42 

:> 43 ~ 
3 45 
3 42 
3 42 

44 


24.77 

57.38 

43.20 

TIT4E“ 

39.95 

55.44 

55.44 

“Z6T5E" 


6.51321r-02 

1.439 95-0 t 

1.0627E--01 

/.426Xt:-l7r 

1. 3639b CO 

5.1231E-01 

6.10046-01 


1.20335 00 
4.6732£-02 
1.I502 F-02 


“4T645Vb-Gi“ 
6.50165-03 
3. 06335-01 
2.4i36fc-0I 


~=^.“ 058^b-03 8.B56ih-UI‘ 


1.205 lb 00 
1.5139F-01 
2*06B9e-OI 

1.5109E CO 
5.9691h-01 
6.5605b-01 

— j rvr / ^ ' AN ’i‘~ 


79FT 

7907 

7907 

7^1- 


7907 
7907 
7907 
_79t7_ 
7 907 
7967 
7907 




SOI 
7907 
7 907 


7S'. 
7907 
7907 
7907 
7907“ 
7907 


■7‘?or 

7907 

79u7 

79C7 

7 90/“ 

7907 

7^03 

7 890 

"T^ 

7907 


NTC 

-4.6175c 00 

3 

45 

45.40 

3.5674E 

00 

3 

45 

4?. 11 

-6.3130E-01 

1.307fiP 

00 

1-4522F 

no 

7907 

MONT rVAlScr-UI 
f,nc 


42 

"AU.il 

■ 2.5620t“ 

01 

“3 

"47“ 


ZTZSyZFTJI 

Z.6Y0bt- 

-Ol 

2.4254H 

01 

77 

M rc 

-l.t?843L 01 

3 


£6.97 

9.39228 

00 
_/i 1 

3 

"■TT" 

44 

A” 

St*,?,*! 

"Trr: — nm — 

-1.4a67E 00 

z: — rc'A 1 — 

3.44?9£ 
— r? 

GO 

— 

3. 749^^8 

TTT-^TrnT- 

OC 

79:37 

— 


7907 

790? 

7907 


790/ 
7 VC 7 
79u7 
7907 
79uY 



WALITATIVE ANALYSI-S 


A/(» NO. 0099 TEST NO. 
BfOINNING TIME EriOIMCr 

0921 

TTM^ 

RUN 

SAMPLE 

; NO. 124617 
SiZ£ 

CONO 9 

CALIBRATION PROGRAM FLT COND 


"3 42 35 .UI 3 4t> ' 

VARIABLE MINIMUM AT T 

4v7i 
I, ME 

51 79U7 

(HMS) MAXIMUM AT TIME 

JHMSI 

_ MEAN 

STGMA 

RMS SA>AP,LES 

91 TETACtJHM -8.9279b 00 

3 

^5 


1.C551E 01 

3 

43 

12. £0 

3.9461 e-Ol 

3.6542E 00 

3.67SAF 00 

7907 

5? Hhl (.(-MM 01 

S3 PS I Cl MM -6.{*6ii5fc OO 

3 


47*20 

1.4517& 01 

3 

45 

27.03 

3.1090E 00 

6.0142E 00 

6.7703E CO 

7007 

3 

-^3 

40*2C 

fi.762PE 00 


4S 


l*4HR2r CO 

l*6667p go 

2* 23.44 E gO_ 

- 

■5Z?“DPSlCnKH""=Z';'D975E"W 

3 


4U • 1 1 

1.4163& 00 

3 

43 


6*03 /6b"“02 

Jt.yisiE-oi 

3.7c6afc-CX 

7907 

55 L*LLK<^Ibf^ 3.0l05f: 01 
1?6 ^ MC 

57 TltAGY^a 00 

3 

42 

35*01 

3.U105E 01 

3 

42 

3.^.* Cl 

3.0105E 01 

0*0 

3.010SE 01 

7907 

3 

42 

35.01 

6.89J6C GO 

3 

45 

49.82 

2.9164E 00 

1.7383E: 00 

3.3951E 00 

7_9_CL7 

Sf) C' I'YKU — K — V* I 



40 ^ 

S *8o9 6E"“02 

T 

43 

^4T*73 

-7.7S17C-02 


8.6S‘)3£-02 

7Q07 

59 RU(y ACT -2.4650E 01 

3 

43 

5^ .17 

1.9503E 01 

3 

43 

40.60 

-6*9465e-C;l 

4*5760E 00 

4*62RAf 00 

7907 

i.O bLiVACT -l.vOAut 01 

3 

45 

41*50 

1.5641E 01 

3 

45 

^►.37 

9.8776E-C1 

5*Cj4c*9e 00 

5.1456F 00 

7907 

61 KTaL/.CT -1 .77446 01 

3 

44 

27.07 

I.998Ht 0! 

3 

42 

40*34 

--l*934^P-02 

__6.0iOOF 00 

6.0U1P 00 

7907 

ciAL/'CI “’I.&iilTI? L'l 

3 

42 

“4 i J . i J 

l.S522b 01 

3 

45 

21* /? 

~6.9077t-01 

00 

5.6913E 00 

7907 

63 Hril OYRO -1.3466E 01 

3 

45 

52*11 

9*2702E 00 

3 

45 

16.82 

-2.4924E 00 

3.4540b 00 

4.2594E 00 

7907 

64 P GYRO -6.2921E 00 

65 NTC 

3 

44 

39.92 

I.2360E 01 

3 

43 

56.97 

7.1593E-01 

I.7926E 00 

1.9302E 00 

7907 

"5o N 1 C 

67 ALT-LO OSO 

68 ALT-GO 4.6iS9£-02 

3 

43 

40*f.0 

7.9473E-02 

3 

45 

0.31 

6..5006EHD2 

5.5047E--03 

6.5238E-02 

7907 

69 LC'C -B.0814t~01 

3 

45 

21 *78 

6.09046-01 


_43 2.6*10. 

_i..au4e;-gi 

2.3176|.~GI_ 

2.9415&-01 

-79.07L 

/U OLIU — /.bCCZt—Oi 

3" 

“42“ 

“2«5 ♦ 01 

3 •62U7E—01 


45 46.23 

-ilaiss^-oi 

2.4723E-01 

2.7549E--01 

7907 

71 NTC 

72 NTC 

73 NTC 














NTC 

NTC 

5«2380e 01 


3 42 ArE^SS 6>1432E 01 3 45 12.41 5«6224E 01 2,6413g 00 5.6?86g 01 


7907 



■ OUAL ITA■TJVE_■A^tALYSLS_ 


A/P NU. 0099 TEST NO, 0921 RUN NO. 124617 

eCt-INNING TTMfc F.NDING TIME SAMPLE SIZt 

•> SO.t>a 3 46 5U.01 2426 


COMD 10 CALIBRATION PROGRAM FLT COND 


v*» 


VARIAILL 
“ITArC" 

2 YACC 

3 XA(.C 

4 a lpha 

6 IIM-TIJRB 

7 IIM-A/S 

“^'V.LTT 


MINI M UM AT TIME 
6 .‘C J U l 3 

-l.UO?«’t-<Jl 3 

-7.213i/t--0? 3 

~?.402hb 00 3 

“^S;73?3F 


i.ic'snr - 
3.67375' 07 
3,76ttlE 01 
-I.5I;34 E-Tj 3- 
0 ; 


UTl 3' 

00 3 

3 


46 4o . 
46 23. 
45 5?. 
4556, 


MAXIMUM AT TIME (H»S 7 

72 J 


i.,0136t 02 3 

■ 02 3 


lU ALTIHNE 
11 VIaS 

13 VlAS) INE 1.0176L- 

13 ' Pr L I -3 . 0 1 R7r “UO — J 

14 PAlLKGMT 3.076VE-01 3 

15 PAILLIPT -J.VlTUg 00 S 

-7, 41 43 e -03 3 

■ 3.0769E 00 — 3' 


16 PMki 
•17-Trr-TRIH 


IB Pl'O-r'-'lM -1.L1I2E-01 

19 .SIaLPJS -1.2yf>-=\fc UO 

20 IhUlU PT 2.P.471h 
Tr-TTNOrGIT! — 7 .70 57F 

22 PLAP -2.055f')- 

23 Ol.SC 23 DISC 

24 Ol£C 24 .rise 

75 “ITT; or =3-;0766!T 

26 .SAlLKGhT -l.C'OYAE 

27 li TA -4.£1‘'7S 

2£ PHI -5.3L4CP 


TS Tii 
46 11 < 
46 3, 

45 59 < 

45 5?. 
4 5 59. 

45 59. 

46 47. 
46 ?i 
45 56. 


65 1 
73 ? 
5B 7 


77B 

.09 2 

,48 6 

"?5 6 

— 3- 

95 2 

I 

H7 1 

:57 — r 

.65 2 

?1 4 

66 2 


*4? 06c GO 5 

• H22b^l 3 

•34l9t“Gl 3 

>3973r no 3 

• 7674 h CO 5" 

♦6S55E CO 3 
.9274b 03 3 

.V274h 01 3 

7T^46t u3 — 5" 
.1715e 03 3 

.4454C 02 3 

.45166 02 3 


45 54-30 

45 55.77 

46 28.71 


-MEAN.. 


46 2 j7 • 5 5 
46 2^^. 49 
46 46.62 
46 4 <> - 6 2 

46 4<^.Si 
46 47.46 
46 30. <?4 


i.0025e 00 
-l.Ui92E-03 
1.3?04EH)I 

-2.6«22fc-u} 
1.9004E 00 
4.96fi9e 01 
4.0944& 01 

1.79446 03 
1*1901E 02 
1.1792& 02 
~](.luU6f ■ 00” 


srgMA 


1.1365fc“ 

2.940ie- 

7.1932t- 


-RM5- 




45 SO. 50 -6.0364E— 02 
45 59.33 1.1151b 00 


.8461b 00 3 46 2.23 1.X902E 00 

93)66-01 3 46 47.63 -2.9)346-01 

.172-F 00 3 46 li.53 1.22456 00 

V2 U2IF”T;0 3 46 2£1.73 


46 1.56 

46 30.06 


-1.8G87E-01 

5.4107E-02 


1.8902b 

4.iiraf- 

9.6296E 

9.5694E 

1.7703E 

1.35P5E 

4^3.1056. 

lTo2T9t: 

3.5126F 

3.36n3t 

4^^02ii_ 

4.£TCP61 

5.4777F 

8.9289E 


01 ' I. 

02 2. 

■02 1. 
Sin 3^ 


00 

•01 

00 

02 

01 

01 

01 

‘01 


1 . 

1. 

5. 

i . 
i. 

1 


00 

94216-02 

5u37b-01 

.eA32£l-liQ_ 


-^AMRL££- 


02 

•03 

■01 


9u92b 00 
944.5b 00 

odne 01 

805 4t 03 
803 IE 03 
1978P 02 

04sf“D^ 

1.241C6 GO 
4.44746-01 
1^3112 ZiUDO- 


>l542r UO 
1.8096F-01 
8 .9**f5 56-02 


30 SKLU -9. L 4 831' 

31 AIL-5TCN 3.24666 


33" CC y/JNT' 

34 HbAl) 

35 

-^c 



4X'XT7C)T- 

42 K 

43 HGUT 

44 KDUT 
43‘7:UAC“ 

46 bLAC 

47 RAaC 

48 LA AC 


'T. I270r 
l.LI94f: 
NTC 

-3.8338t 
^•I3rF 
N7C 
NTC 

-1.1510E 


-3.32v^^^ 




3.48136-01 3 45 51.16 

1.3266b-02 3 45 52.24 

2.21016-01 3 45 53-03 

4^T:crOTGrRO“2-.2711F“Oa 3 ■46‘ 2dT; 89' ’ 


5.10496 00 3 

3.0892E 00 3 

2.92136 00 3 

2.6920E“0‘(J 3T 


46 47.50 
46 47.75 
46 47.70 
7r6"24V0T" 


1.8C'37E 00 
5.83«5£-01 
5. 92666-01 
=7TST?9'9^=^0f2“ 


8.65006-01 

4.3512E-01 

2.83C2b-01 

“"A7v2o4fc-bi“ 


2.0729F 00 
7.2815C-01 
6. £6776-0 1 
“YV95WbMyjr 


2426 
2 426 
2426 
-2-426- 
2426 
2426 
2 476 

2426 
2^26 
2 426 

2476 

2426 


2476 
2426 
2 426 


■'‘CTcr“ 

-01 

KL-T6 

“3“ 

3 

TT 

46 

24.66 

^ r A 

•i:o3E3F 

4.?.eooe 

TTr 

01 

T 

Cr 

■2f5“ 

4£) 

isTirj" 

&U.&0 

^ (.7 ,1 X r. V/ V/ 

3.A604K 00 
1.4S12E 01 

1.7451E 01 

J ^ r: 

3.4630E 

2.2839E 

UU 

01 

2 426 
2426 

0T7 

“3“ 

"ZTST 

“577377” 

“nTFTTT 

"cn” 


46 

14.30 

1'.R2R5E."'00" " 

■ 6.'39'306"'00"‘ 

6.64 

oi) 

2 A 26 

Oi 

3 

46 

1 .44 

X.50S7E 

01 

3 

4^ 

3.02 

S.0CC8E-01 

5.4922F 00 

f,,5 51?t 

00 

2426 

00 

3 

45 

50.50 

7.8316E 

00 

3 

46 

47.43 

5.1476E 00 

2-4337F 00 

5,6939F 

00 

2426 

.00 

3 

46 

2.13 

3.07I6F 

00 

3 

46 

4.95 

-5.3620F-0X 

1.7I37F 00 

1.7951b 

00 

2476 

■' U1 '■ 

3 

46 

3 . 1 i 

”T7U7rZ5E" 

U 1 

”3” 

"40" 

~7Ti'n~ 

”=3TZ7i75F=UZ 

^.5625 t 00 

■~AV5o7Yr 

CO 

Z^25~ 

00 

3 

46 

1 .99 

8.4799E 

00 

3 

46 

23.92 

1.136GE 00 

3.1976C 00 

2.3937E 

00 

2426 

-Oi 

3 

46 

3.92 

7.2615b 

01 

3 

45 

5C.50 

2,l452f: 01 

3.1338.: 00 

2.7 600C- 

01 

2425 

-ui 

3 

46 

1.71 

2. GO 9 6b 

01 

3 

45 

50.50 

1.8950E 01 

3.504^F GO 

}^0'>71F 


?42j^ 



45 

51 .68 

1 . i ^ i u 

01 

3 

46 

"T. W 

^ 9 1 J? & t X 

?;753t79jnqTp— 

“I .Till ‘IE" 

Oi 


01 

3 

46 

0.53 

1.931CE 

Oi 

3 

46 

30.62 

1.8704E 01 

2.r413L-01 

1.P796E 

01 

2476 

00 

3 

46 

6.92 

5.30696 

00 

3 

45 

f.?.9S 

-3.B296F-01 

1.2853E 00 

1.3412E 

00 

74Z6 

‘“01“ 

“3“ 

”4'6” 

i .2 / 

“ZTTZWir 

■X7T" 

"3" 

46 

“T72PT" 

Z.423L>t OI 

?rufci 

2.4236L 

01 ■ 

5-^ 

01 

3 

46 

1 .09 

7.60 79E 

00 


46 

3,31 

“1.4fi90E 00 

2.7369E 00 

3.1140F 

00 

2426 

-u*. 


ArCi 

rT75TT" 

i .64 Mh-Cl 

3 

”43” 

"'57T*Tjr” 

6. U2 

?T2'5’vis.t-02 


74Z6 

00 

3 

46 

74.17 

3.026Ch 

GO 

3 

46 

26.85 

1.2603E-01 

1.0813E 00 

1,0?S6L 

00 

24^76 

-<-2 

3 

46 

79.07 

3.2716b-01 

3 

46 

25.73 

1.443 91—01 

5.2A6at-02 

1.5363P-01 

2426 

-02 
-TT? — 

3 

46 

“zr=jr 

70.04 

1.50i0[r-01 

rm 

•% 

45 

4 

55.77 

_ ZTTr 

1.0710L-01 
“TrrrTTTTTnzrri — 

1 .5C?7F-0Z 
— K v;o m — 

1.0789E-01 

cr_"7 **777. i^p^ri 

2 476 

— 


2426 

24?c 

■IfH- 



KjO 

N> 

OO 


A/P NO. G099 T6ST NO. (921 


RUN NO. . 124617 COMD 10 CALIBRATION PROGRAM FLT COND 


RFCINNING TlMfc FNOING TIMf- 
3^5~G75'D 3" 46 5C.01 


^MPLE SI 
2420 


VARIAFLC MINI 

TC 

TtlACOKM -9. 
5? PM COMM «i. 
63 PSl LtiMK, --(i. 
54 TFSrCrKM”-2. 
6i> ('Ur51bN 3. 
66 

67 TFTAGYKO -4. 
5B"T”’GYRD“r. 
f9 huo AC r -2. 

60 I'Ll VACT . 

61 KTaLAM[ -i. 

62“ LTAL ACT ’-T . 

63 PHI bYKO 

6^ P OYRO -4. 
66 

*67. 

67 ALT-LO -4. 

68 ALT-CO 6. 

69 LUC 2* 

TxrxmJ 

71 

72 

73 

T4 

75 

76 

77 OAT 5. 


MUM at TI 

“Tor^ 

J034F L(0 
19^0= 03 
oobr^c- uo 
91795“5tr 
C* K c Cl J 
NIC 

f49(»F CO 

01 

01 

774 41 01 
6RT7rT>r 
00 

,7X91E 00 

NTC 

“Tiirr 
,03066 00 

6330 F-01 

759iir=cnr 

NIC 

NTC 

NTC 

-KTC 

NTC 

NTC 

.9622E 01 


3 45 59.50 
3 46 1.27 

3 46 1.99 

3 46"4'r.TC” 
3 45 50.50 

3 46 6. 30 

"*3 4*5 5XV5^ 
3 4g 0 .98 
3 45 52.36 
3 46 4.78 

3 46 4.95 

3 46 3.31 


46 49.99 
45 56.54 
45 5C.5Q 


1.055IE 01 
1.45 17L 01 

I. Q463F 01 
T.377IuT1jU 
3.0105b 01 

6.4 124E 00 
”6*7*33 3 4 c -^0 1 
I.9152F 01 
1.400JG 02 
1.9871b 01 
l.'iSaSL til 
3.2e7ie 00 
8.9880E 00 


5.S571E 00 
9. 60 28 £-02 


3 AS Si-SA 
3 AS 57.5A 
g A6 47. 72 

3 45 50.50 

3 AS 

3 Ai> 59^77 
3 46 47.09 


3 46 25.48 
3 46 X.71 


3 45 50.77 
3 46 4-7.31 


-3.8752E-01 
8.75I6t~01 
_1_.549 6 £ 00 „ 
7.)^3t^02 
3.0105E 01 

-2. 7938 E 00 

-7.il66n-01 
1.9494E: 00 
-5.8??1F-01 
-^.7495f.=^2^ 
M .26226 00 
7.1833E^i 


2.1899E DO 
7*9241 e-02 
T*2?41_F^Q _1 

2.C)256K-aF 


5.2481E 00 
5. 2096 F CO 
_Lll225£_Jlil- 
4.2675C-01 
0.0 

jLe.i3«4£_ao_ 
4. 3?r5E— o2 
4.9036E 00 
5.52981,: CO 

1.81770 00 
1.3178E 00 


2.8U4E 00 
3.2517E-C3 
3.8236E-01 
4.3127E-01 


5.2624E 00 
6.?t?6F 00 

4.2<>8 6E “0 1 

3.C105C 01 

9.^520f.-02 
4.95501-: 00 
5.86331= 00 
6.321>'? £__QQ_ 
^78099 E 00 
2.2130F 00 
I.SOOfiE 00 


3.56378 00 
7.9307E-02 
.8,?355EtO.I- 
4.&169E-01 


46 8.12 6.5053E 01 


45 59. 



